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Abstract. The adsorption potential of agricultural (sugarcane) by-product, the baggase was investigated in
batch experiments with two different forms i.e., raw and chemically activated forms, for the removal of
Methylene Blue dye, with different parameters like dye concentration, contact time, temperature and
adsorbent dose. The removal is better and more effective with chemically activated baggase in compari-
son to the raw baggase. An average percent removal difference between the two adsorbents of around 18%
was achieved under the different conditions in the experiment. The data fit well in the Freundlich isotherm.
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Introduction

Of various pollutants contained in industrial wastewaters, colour is considered to be
very important from the aesthetic point of view and is stated as ‘visible pollutant’.
Almost every industry uses colouring matter to colour their products. Unspent colouring
materials are usually discharged, with/without treatment into the aquatic environment.
Dyes are highly coloured polymers and low biodegradable. Color/dye being one of the
important recalcitrant, persist for long distances in flowing water, retards photosynthet-
ic activity, inhibit the growth of aquatic biota by blocking out sunlight and utilizing dis-
solved oxygen and also decrease the recreation value of stream.

India produces more than 400 million tonnes (MT) of agricultural waste annually
which include a very large percentage of the total world production of rice husk, bag-
gase, jute, stalk and coconut fiber. India became the largest producer of sugar cane/sugar
in the world, producing 285.4 MT of cane representing about a little more than 20% of
cane sugar production. Presently, there are over 450 mills with installed capacity of 20.2
MT with average size of 2150 TPD with some units of 10000 TPD and few of 5000 TPD.
Sugarcane production has increased in last decade and has reached to a maximum pro-
duction of 300.1 MT in 2001-02 [www.indiaonestep.com] [1]. It have been analysed that
after sugar extraction, one third of the waste product generated is baggase. Thus baggase
production in India has reached a little above 100MT in 2001-02. Per capita consump-
tion of sweetner in India, (prepared form sugarcane) is 24.4 kg, which is higher com-
pared to world average of 20.4 kg.

Burning of baggase also releases large quantities of smoke, soot, ash and carbon diox-
ide into the air with detrimental environmental effects. Most efficient as well as balanced
mills should be able to save baggase to the extent of 10% of its production, which can
be used as captive fuel in the mill as power. Total production of baggase if used for
power generation can generate 4000 MW surplus eco-friendly energy. Power generation
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from baggase comes under clean power and is very much eligible to get carbon emission
benefits. But still in India, use of baggase for power generation is considered as the sec-
ondary option.

Literature Review

There is an ever-increasing demand of fabrics and food in the country for the rapid
expanding population, which is growing at a rate of 11.04 %. Nearly 10-15% of the syn-
thetic textile dyes, used yearly are lost to waste streams and about 20% of these losses
enter the environment through effluent from wastewater treatment plant. The waste-
waters discharged from dying processes exhibit high BOD, high COD are highly
coloured, hot, alkaline and contain high amounts of dissolved solids [2]. The disposal of
coloured wastes such as dyes and pigments into receiving waters damages the environ-
ment, as they are carcinogenic and toxic to humans and aquatic life [3, 4]. Besides the
problem of colour, some dye impart non-visibility and can be modified biologically to
toxic or carcinogenic compounds. Nowadays concern has increased about the long-term
toxic effect of water containing these dissolved pollutants.

Basic dyes are the brightest class of dyes [5] and are applied widely in small scale
industries like textile, carpets and wool industries whose discharge bearing dyes throught
effluents are added into natural streams [6]. In dying industry above 30-60 litres of water
is consumed per kg of cloth dyed and large quantities of effluents are released during
process [7]. Its amount is to be about 16% of the total water consumed in the mill [8].

Various treatment methods for removal of dyes from industrial effluents like coagu-
lation using alum, lime, ferric chloride, ferric sulphate, chemical oxidation methods
using chlorine and ozone; and membrane separation methods are in vogue [8]. Many of
them do not operate at low concentration of coloured compounds in the effluent. Special
measures therefore are necessary to be taken to remove them from the effluents.

Adsorption has received considerable attention for colour removal from wastewaters
as it offers the most economical and effective treatment method. Low cost adsorbents
like flyash, coal, peat, sawdust [9], sawdust [10] lignite and wood have received consid-
erable interest because of their local availability and their practically low cost [6]. Use
of bio-adsorbent like rice husk [11], coconut coir, banana pith [12] wheat straw, baggase,
saw dust [9,11,13], used tea leaves, cow dung [14] have been found to be highly effec-
tive, cheap and eco-friendly

Objective of present study was to explore equilibrium as well as the rate of adsorp-
tion of basic dye (Methylene Blue) in aqueous solution and efficiency of cellulose based
adsorbents prepared from Baggase with its different states i.e., Raw and Chemically
Activated form.

Materials and Methods

Preparation of Adsorbents

Baggase was obtained from a nearby sugarcane mill. Two parts, of the total cellulosic
material by weight, were made and one part of the baggase was processed to obtain
chemically treated baggase carbon. Four parts of raw baggase were treated with three
parts by weight of concentrated Sulphuric acid and kept in air tight oven, maintained at
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150°-160°C for a period of 36 hours. The carbonized material was washed well with dis-
tilled water to remove the free acid and dried at 110-115°C for 24 hours. This material
was grounded and sieved to obtain carbon particle size £ 0.33 mm and was used as chem-
ically activated baggase adsorbent.

Another part of cellulosic baggase was soaked in distilled water for forty-eight hours
with repeated change of distilled water, every 12 hours. It was then treated with alkali
for 12 hours to make it lignin free, thoroughly washed with distilled water and then was
treated with formaldehyde to prevent any further colour interference during treatment
(adsorption) process. The material was now dried in an oven at 50-60°C for 24 hours and
this dried material was pulverized to convert it into fine powder and was used as raw
baggase adsorbent. Table 1 gives the physical properties of prepared treated adsorbent.

Table 1. Physical properties of chemically Treated Sawdust Adsorbent

Parameters Characteristic Value

pH 6.5

Moisture (%) 12.1
Bulk density (g/ml) 0.33
Matter soluble in water (%) Nil
Matter soluble in acid (%) Nil
Surface area,m2/g 1.713
Pore volume (ml/g) 0.11
Ash content (%) 36.62
Iodine Number 75
Ion exchange capacity (meq/g) 1.06

Dye and Chemicals

Methylene Blue [3,9-bis dimethyl- aminophenazo thionium chloride], a cationic dye
(figure 1), is a G.R. Product of Merck, Germany and was used as received. All chemi-
cals used were of analytical reagent grade and supplied by Merck Germany.

Adsorption Studies

To evaluate the efficiency of adsorbents, laboratory batch mode studies were con-
ducted. 0.1 to 1 gm of adsorbents, taken separately, were shaken in 100ml aqueous solu-
tion of dye of varying concentration for different time periods and temperatures at natu-
ral pH. At the end of pre-determined time intervals, adsorbent was removed by centrifu-

N
Methylene Blue
Basic Blue 9
C.I. 52015
1\II+_ CH, Mmax 661nm
CH3 —4 S CH3

CH;

Figure 1. Methylene Blue [3,9-bis dimethylaminophenazo thionium chloride]
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gation at 2000 rpm for 10 minutes and supernatant was analyzed for the residual con-
centration of Methylene Blue, spectro-photometerically at 665 nm wavelength. All
experiments were carried out in triplicate with respect to each condition and mean val-
ues are presented. The maximum deviation was 4%.

Results and discussion

Effect of Initial Dye Concentration and Time

Effect of initial dye concentration on the rate of adsorption by baggase (raw and chem-
ically activated) was achieved as presented in Table 2. The data table of amount of dye
adsorbed at various intervals of time indicates that the removal of dye (adsorbate) initial-
ly increases with time but attains an equilibrium within 45-60 minutes. The adsorption
process was found to be very rapid initially, and a large fraction of the total concentration
of dye was removed in the first 30 minutes. Though it was observed that adsorption of dye
increased with an increase in dye concentration in the solution, which shows that removal
of dye is dependent upon the concentration of the dye solution. But as a whole the per-
cent removal decreases with the increase in dye concentration as observed in the plot.

Table 2. Effect of Initial dye concentration on MB removal by Raw and Chemically
Activated Baggase

Conc.— 50ppm 100 ppm 150 ppm 200 ppm 250 ppm 300 ppm
E:;E:) RB CAB RB CAB RB CAB RB CAB RB CAB RB CAB
15 61.3 71.54 564 6632 44.48 61.64 38.72 55.49 28.51 42.96 20.58 31.85
30 79.8 80.26 69.81 77.91 58.84 67.52 48.03 60.32 35.48 48.93 33.71 36.55
45 83.96 89.54 77.52 82.95 66.22 72.58 54.67 6491 41.24 5479 37.98 39.23
60  86.28 92.46 83.90 85.67 70.28 78.92 56.62 67.95 47.36 57.29 39.93 42.67
90  88.72 94.84 86.28 87.03 74.29 82.99 61.26 69.67 49.25 59.28 42.39 44.59
120 90.11 96.12 88.90 90.11 78.26 84.91 66.19 72.03 51.76 61.54 44.35 46.32

For a particular experiment, the rate of adsorption decreased with time, it gradually
approached a maximum adsorption, owing to continuous decrease in the concentration driv-
ing force and it also indicate that the adsorbent is saturated at this level. In addition it is
observed that initial rate of adsorption was greater for higher initial dye concentration
because as the resistance to the dye uptake decreased, the mass transfer driving force
increased. The time variation adsorption increases continuously and seems to be smooth
which, is indicative of the formation of monolayer coverage on the surface of adsorbent
[15].

Raw (RB) and Chemically Activated baggase (CAB) could remove a maximum of
83.93% and 85.67% respectively, of Methylene Blue at initial dye concentration of 100
ppm, while for dye concentrations of 50 ppm, the adsorption of the dye was well above
90% and 96% in two hours. Both cases were studied at natural pH, temperature 250°C
and adsorbent dose of 4 gm/l.
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Effect of adsorbent dose and time

The effect of varying the RB and CAB mass on aqueous dye solution are presented in
Table 3. Data show a decreasing trend in dye concentration at a faster rate as the adsor-
bent mass is increased. Of the two adsorbents, CAB gave the greater removal at all lev-
els of the adsorbent dose. An equilibrium percentage removal rate of 77.91% and 69.81%
was achieved with 4 gm/l in 30 minutes by CAB and RB respectively of adsorbate con-
centration of 100 ppm. Initially the rate of increase in the percent dye removal has been
found to be rapid which slowed down as the dose increased. This phenomenon can be
explained, based on the fact that at lower adsorbent dose the adsorbate (dye) is more eas-
ily accessible and because of this, removal per unit weight of adsorbent is higher.

Table 3. Eftfect of adsorbent dose on MB removal by RB and CAB

Dose = 0.1 gm 0.2 gm 0.4 gm 0.6 gm 0.8 gm 1.0gm

Time §

(ll\r,ﬁfls) RB CAB RB CAB RB CAB RB CAB RB CAB RB CAB
15 20.56 38.98 31.56 5428 56.4 6632 70.64 78.62 84.98 87.28 96.01 95.09
30 2577 45.78 41.98 62.82 69.81 77.91 82.52 84.28 92.44 92.91 98.68 97.52
45 2724 5075 4835 69.59 77.52 82.95 88.85 88.35 94.70 94.79 99.23 98.73
60 2936 54.17 51.49 75.48 83.93 85.67 90.58 91.47 96.46 93.71 99.47 98.61
90  31.17 57.67 53.61 79.55 86.28 87.03 92.08 93.25 97.16 97.68 99.52 99.54
120 33.11 60.45 54.72 80.62 88.90 89.46 93.98 95.34 97.80 98.06 96.56 99.63

The initial rise in adsorption with adsorbent dose is probably due to bigger driving
force and lesser surface area. Larger surface area of the adsorbent and smaller size of
adsorbate favour adsorption. The rate of adsorption is higher in the beginning as sites are
available and unimolecular layer increases. Adsorption and desorption occur together
and rate become equal at a stage called adsorption equilibrium, when isotherms are
applied. The subsequent slow rise is observed in percent removal, which states that
adsorption and intra-particle diffusion taking place simultaneously with dominance of
adsorption. With rise in adsorbent dose, there is less commensurate increase in adsorp-
tion, resulting from lower adsorptive capacity utilization of adsorbent. [16].

Thus, the results obtained from this section of experiment indicate that chemically acti-
vated baggase has a large potential as an adsorbent for dye removal than raw baggase.

Effect of temperature

Temperature dependence of adsorption process is a complex phenomenon.
Thermodynamic parameters, like heat of adsorption and energy of activation play an
important role in predicting the adsorption behavior and both are strongly dependent on
temperature. Temperature rise affects the solubility and chemical potential of the adsor-
bate, the latter being a controlling factor for adsorption. It have been reported that if sol-
ubility of the adsorbate increases with increase in temperature, then chemical potential
decreases and both of these effects work in the same direction, causing a decrease in
adsorption [17]. On the other hand if temperature has the reverse effects on the solubil-
ity than both the said effects will act in the opposite direction and adsorption may
increase or decrease depending upon the predominant factor.
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In the present experiments the adsorption rate at three different temperatures (30°,
40°, 50°C) have been analysed as presented in data Table 4. In case of raw baggase, the
rate of dye uptake decreases with an increase in temperature from 74.26% to 55.92% at
30°C to 50°C with 4 gm/l dose in 30 minutes for 100 ppm dye solution, indicating that
the process is exothermic in nature [18]. This may be due to a tendency of dye molecules
to escape from the solid phase to bulk phase with an increase in temperature of the solu-
tion [19]. Whereas in the case of Chemically activated baggase rate of dye uptake
increases rapidly from 78.09% to 86.35% with rising temperature at 30°C to 50°C with
4 gm/l dose in 30 minutes from 100 ppm dye solution, since the adsorption rate increase
as the diffusion coefficient rises with temperature. [5].

Table 4. Effect of Temperature on MB removal by Raw and Chemically Activated
Baggase

Temp. 30°C 40°C 50°C

Time RB CAB RB CAB RB CAB
5 Minutes 64.38 61.04 57.39 65.25 46.48 71.22
10 Minutes 67.21 68.84 60.72 72.85 50.16 76.28
15 Minutes 70.56 74.54 64.09 78.06 53.63 81.5
30 Minutes 74.26 78.09 67.28 83.54 55.92 86.35
45 Minutes 76.59 80.21 69.52 86.19 56.85 90.16
60 Minutes 77.72 81.55 70.25 88.94 57.73 92.42

For adsorption of dye using baggase (raw and chemically activated) adsorbent there is
the possibility of intra-particle diffusion. This was also investigated and is presented in Fig
2 and 3. The graph is plotted with log (% adsorption) vs. log (time), for adsorption at three
(30°, 40°and 50°C) temperatures resulting in straight lines, which indicate the occurrence
of intra-particle diffusion. The adsorption at higher temperature becomes more dependent
on intra-particle diffusion, which would be the rate-determining step [20].

Adsorption isotherm
The analysis of equilibrium data for the adsorption of the Methylene blue on adsor-

bents baggase (RB and CAB) have been done in the light of the Freundlich isotherm
model [21].
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Figure 2. Kinetics of Adsorption of MB Dye on Raw Baggase at Different Temperatures
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Figure 3. Kinetics of Adsorption of Dye by Chemically activited Baggase at Different
Temperatures
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Figure 4. Freundlich Isotherm for Adsorption rate of MB Dye on Raw Baggase
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Figure 4. Freundlich Isotherm for Adsorption rate of MB Dye on CA Baggase
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x 1
Ing;:lOg]O Kf +;10g|0 Ce' (Eq 1)

Where, Ce is the equilibrium concentration (mg/l), x is the amount of dye adsorbed
(mg), m is the adsorbent dose used (g) and Kf and n are constants, incorporating all fac-
tors affecting the adsorption process such as adsorption capacity and intensity, respec-
tively. Linear plots of log10 (x/m) vs. log Ce shows that adsorption follows Freundlich
isotherm model. Fig. 4 and 5.

These preliminary studies state that adsorbents prepared from baggase can be used
effectively for the adsorption of dyes. Cost analysis for the preparation of activated car-
bon of baggase has not been done since Baggase is available abundantly and can be
obtained for nominal price as agricultural by-product in the country. The present method
has been adopted for further analytical kinetics study of other agricultural by-products
for the removal of dyes and heavy metals from aqueous solutions and industrial efflu-
ents.

Acknowledgements. Authors are grateful to Prof. Anubha Kaushik, Chairperson, Department of
Environmental Sciences and Engineering, Guru Jambheshwar University, Hisar, Haryana, for her kind
support and encouragement by providing funds and laboratory for research.

REFERENCES

[1] www.indiaonestop.com/economy-macro-agro.htm

[2] Rajeshwari Sivaraj, Sivakumar, S., Senthilkumar, P., Subburam, V., (2001): Carbon
from cassava peel, an agricultural waste, as an adsorbent in the removal of dyes
and metal ions from the aqueous solution. — Bioresource Technol 80 (3), pp.233-
235.

[3] Lee, C. K., Low, K. S., & Gan, P. (1999): Removal of some organic dyes by acid
treated spent bleaching earth. — Environ Technol 20, pp. 99-104.

[4] Pappic, S., Koprivanac, N., Metes, A., (2000): Optimizing polymer induced floc-
culation process to remove the active dyes from wastewater. — Environ Technol
21, pp. 97-105.

[5] Mckay, G., Elgundi, M., Nassar, M. M.,. (1988): External mass transport process
during the adsorption of dyes on to the Baggasse pith. — Water Res 22(12), 1527-
33

[6] Anjanaeyulu Y., Himabindu, V. (2001): Application of mixed adsorbent (oxy-
genated coconut shell, activated carbon, — OCSAC-Flyash-china clay) for the
removal of basic dyes from Industrial effluents. J Envt and Pollut 8(1), 117-127.

[7] Rajeshwarisivaraj, Namasivayam C., Kadirvelu K., (2001): Orange peel as an
adsorbent in the removal of acid violet 17 (Acid Dye) from aqueous solution. —
Waste Mgt 21, pp. 105-110.

[8] Namasivayam, C., Kadirvelu, K., (1994): Coir pith as an agricultural waste by-
product, for the treatment of dyeing wastewater. — Bioresource Technol 48, pp. 79-
81.

[9] Raghuvanshi, S. P. Raghav, A. K. Singh, R. and Chandra, A (2002): Investigation
of Sawdust as Adsorbent for the Removal of Methylene Blue Dye in Aqueous

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 2(2): 35-43.
http://www.ecology.kee.hu « ISSN 1589 1623
© 2004, Penkala Bt., Budapest, Hungary



Raghuvanshi et al: Kinetics study of methylene blue dye bioadsorption on baggase
-43 -

Solutions, In Proceedings of International Conference for Water and Wastewater. —
Perspectives in Developing Countries, (WAPDEC), International Water
Association, U. K., pp. 1053-1062.

[10] Singh, R. P, Singh Y., Gupta, N., Gautam, A., Singh, S., Chauhan, M. S.,
Kulshrestha, R. R., Bhati, M., June (2001): Decolarization of water containing
Crystals Violet, Methylene Blue, Malachite Green and Rhodamine B using acti-
vated carbon, flyash, baggase and baggase. — Proc. 10th National Symposium on
Environment India, pp. 143-147.

[11] Deo, N., Ali, M., (1993): Dye adsorption by new low cost material Congo Red. —
Indian J Envtl Prot 13 (7), pp. 496-508.

[12] Namasivayam, C., Kadirvelu, K., (1997): Activated carbon prepared from coir pith
by physical and chemical activated methods. — Bioresource Technol. 62 (3), pp.
123-127.

[13] Singh, R., (2001): COD reduction from the textile wastewaters using bio-adsor-
bents. — M.Tech Thesis, Dept of Environmental Sciences & Engg, Guru
Jambheshwar University, Hisar, Haryana, India.

[14] Raghuvanshi, S. P., (2001): Decolourisation of Dyes and chromium using bio-
adsorbents, from the aqueous solutions. M. Tech Thesis, Dept of Environmental
Sciences & Engg, Guru Jambheshwar University, Hisar, Haryana, India.

[15] Desai M., Dogra, A., Vora, S., Ram, R. N., (1997): Indian J Chemistry — 36(A),
pp- 938.

[16] Singh, R. P, Singh, Y., Gupta, N., Gautam, A., Singh, A., Suman, R., Kulshrestha,
R. R. (June 2001): Removal of Cr (VI ) from wastewater using activated carbon,
flyash, baggase and baggase. — Proc. 10th National Symposium on Environment,
pp. 143-147.

[17] Singh I S., (1974): Ph.D. thesis. —Banaras Hindu University, Varanasi, India.

[18] Ram, R. N., Prasad, B. B., (1982): Time-rate study of adsorption of dyes on iron
oxide. — Proc. Indian Nat Sci Acad 48A(1), pp. 92-102.

[19] Gupta, G. S., Prasad, G., Panday, K. K., Singh, V. N., (1988): Removal of chrome
dye from aqueous solution by flyash. — Water Air Soil Pollut 37, pp.13-24.

[20] Weber, W. J., Morris, J. C., (1964): Advance Water Pollution Research. — In:
Kakenfelder, W. W., (Eds) Pregamon Press, Oxford.

[21] Freundlich Uber die adsorption in lusungen, (1906): J Phys Chem 57: 385.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 2(2): 35-43.
http://www.ecology.kee.hu « ISSN 1589 1623
© 2004, Penkala Bt., Budapest, Hungary



