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ABSTRACT

The main emphasis of the present study was to prepare a low-cost adsorbent using sugar-
cane bagasse for the adsorption of methylene blue. Chemical activation using di-potassium
hydrogen phosphate (K2HPO4) was employed for the preparation of activated carbon by
one-factor-at-a time methodology using batch operation. Different process parameters such
as K2HPO4 concentration, impregnation time, temperature, and impregnation ratio were
optimized for the chemical treatment of bagasse. The optimized protocol yielded
136.84 mg/g binding capacity in the activated carbon composed of 2 M K2HPO4 solution-
treatedbagasse powder (treated for 6 h with an impregnation ratio of 0.0125 at 30˚C temper-
ature); while sugarcane bagasse without any pretreatment was found to have a binding
capacity of 125.06 mg/g. The methylene blue adsorption capacity of the chemically treated
adsorbent was compared to the commercial activated carbon. Reduction in the characteristic
peak intensities of IR spectroscopy and scanning electron microscopy studies indicates
structural changes in chemically activated bagasse powder. Prepared adsorbent has tremen-
dous potential for adsorption of harmful dyes and chemicals from polluted water system.
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1. Introduction

The textile industry is a major producer of waste
water effluents containing dyes, surfactants, salts, and
alkalis along with other hazardous chemicals. Waste
water from the industries cannot be directly released
to the aquatic system as it may reduce the photosyn-
thetic activity of aquatic life and also may be toxic to
certain forms of the aquatic life [1]. Various effluent
treatment processes were developed to encounter
health hazards such as chemical precipitation, solvent
extraction, adsorption, ion exchange, and reverse

osmosis [2]. Among these processes, activated carbon
adsorption seems to be one of the efficient technolo-
gies. Activated carbon is the most commonly used
adsorbent as it has a high adsorption capacity owing
to its high surface area and microporous structure but
has a poor regeneration capacity and is expensive [1].
Hence, in order to make the adsorption process envi-
ronment friendly and economically feasible, research-
ers have suggested the use of biosorbents as an
alternative to activated carbon, which include various
agricultural wastes and raw plant materials such as
peanut husks [3–5], rice husk [2,6,7], coconut husk [8],
almond shells [9], coir pith [10], and sawdust [11]. For
the enhancement of adsorption capacity, biosorbent
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was given a chemical treatment (impregnated with
acid, base, or salts). During the chemical treatment,
agricultural waste was impregnated with acid, base,
or salt by stirring. Chemical treatment replaces the lig-
nocellulosic functional groups such as the –OH, phe-
nolic groups by the more negatively charged groups
of the acid, base, or salt, thereby favoring an increase
in the adsorption capacity. In the present study, the
impregnation is carried out using stirring operation
where the material along with the chemical activator
is kept for stirring in a batch reactor. Due to stirring,
the intra-particle diffusion rate increases and the sol-
ute particles get attached to the lignocellulosic func-
tional groups which impart new properties to the
adsorbent, thereby increasing its adsorption capacity.
Methylene blue being a cationic dye replaces the
hydroxyl and phenolic groups with acidic phosphate
groups and favors dye adsorption as it forms com-
plexes with the negative acid groups.

In the present study, sugarcane bagasse was stud-
ied as an adsorbent using chemical treatment. Sugar-
cane bagasse is the fiber material left after extraction
of juice from the sugarcane stalks. Previously, low-cost
adsorbents such as peanut husk [3–5], rice husk [6,7],
coconut husk [8], almond shells [9], coir pith [10], saw
dust [11], and oil palm fiber [12] have been used for
the removal of dyes either in their native form or for
chemical or physical activation, or for both. Sugarcane
bagasse has been previously used for the adsorption
of various dyes without any chemical activation [13–15].
Sugarcane bagasse was explored as an adsorbent in its
native form, pretreatment with different chemicals,
and immobilized form [16,17], and it was reported
that maximum dye adsorption was shown by the pre-
treated form of bagasse. The rice husk, chemically pre-
treated with K2HPO4, was used for the adsorption of
cadmium [2]. Here, sugarcane bagasse is explored as
an adsorbent for the adsorption of methylene blue
dye, where the bagasse is impregnated with K2HPO4

solution. The main aim was to carry out an optimiza-
tion for the chemical treatment of adsorbent prepara-
tion. Process parameters such as the concentration of
K2HPO4 solution, impregnation time, temperature,
and impregnation ratio were chosen as the crucial fac-
tors affecting the adsorption capacity of sugarcane
bagasse. The optimization was carried out in a step-
wise manner, where a single parameter was varied
every time keeping the other parameters at a constant
value in a batch operation. The prepared adsorbent
was tested using the methylene blue assay, where
methylene blue solution was adsorbed onto the pre-
pared adsorbents and the absorbance of solutions
before and after adsorption was measured using a
UV–visible spectrophotometer.

2. Materials and methods

Sugarcane bagasse was procured from local mar-
ket, Mumbai, India. Dipotassium phosphate salt, stan-
dard activated carbon, and other analytical grade
chemicals were procured from S.D. Fine chemicals,
Mumbai, India.

2.1. Adsorbent preparation and experimentation

Sugarcane bagasse was dried and stored in an
air-tight bag. The bagasse was sieved using ASTM
standard sieve (a particle size of 212 μm). In order to
carry out chemical activation, 5 g bagasse powder
was treated with different concentrations of 100 mL
K2HPO4 solutions (0.5–3 M) keeping the impregna-
tion time (24 h), impregnation ratio (0.05), and tem-
perature (30˚C) at a constant value in a baffled
reactor of 200 mL volume, with a diameter of 4 cm
and a height of 16 cm in a controlled water bath
with an impeller speed of 300 rpm. Treated solutions
were filtered and the adsorbent was dried and stored
under ambient conditions. The prepared samples
were analyzed by methylene blue assay using
UV–visible spectrophotometer and optimum K2HPO4

concentration was determined. After optimization of
K2HPO4 concentration, optimization of impregnation
time, impregnation ratio, and temperature were car-
ried out in a similar manner by one-factor-at-a time
method. The amount of bagasse taken was changed
accordingly during the optimization of impregnation
ratio.

2.2. Methylene blue assay

0.1 g of each sample was treated with 30 mL of
750 ppm of methylene blue solution and the solution
was kept for stirring in an orbital shaker with a rota-
tion speed of 180 rpm for 2 h. The absorbance of the
clear solutions was measured using UV–visible spec-
trophotometer (Spectroscan UV 2700, Double Beam
UV–visible Spectrophotometer, Chemito, India) at a
wavelength of 665 nm. The adsorption capacity was
found using the following equation :

qe ¼ ðCi � CeÞ � V

m
(1)

where qe is the adsorption capacity (mg/g), Ci is the
concentration of the stock solution, Ce is the concentra-
tion of the solution after adsorption, V is the volume
of solution, and m is the mass of adsorbent.
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2.3. Statistical analysis

Statistical analysis was performed using one-way
ANOVA. Experimental data were processed by Graph
pad prism 5.0 software (USA) and p-value less than
0.05 was considered to be statistically significant.

2.4. Characterization of sugarcane bagasse powder

Normal and chemically activated sugarcane
bagasse powder was analyzed by infrared spectros-
copy for the identification of functional group
changes. Also, surface morphology of the normal and
chemically activated sugarcane bagasse powder was
studied using the scanning electron microscopy (SEM)
technique (JEOLJSM6380 LA scanning electron micro-
scope).

3. Results and discussion

3.1. Effect of concentration of K2HPO4

The effect of concentration of K2HPO4 on the
adsorption capacity of chemically activated sugarcane
bagasse was studied by varying its concentration in
the range of 0.5–3 M. Fig. 1 reveals that the adsorption
capacity increases as the concentration of K2HPO4

increases initially up to 2 M, but beyond 2 M, there
was a decrease in the adsorption capacity. The maxi-
mum adsorption capacity at 2 M concentration was
130.6 mg/g (p value <0.05). Initially, the phosphate
groups replaced the lignocellulosic functional groups,

thereby increasing the availability of negatively
charged surface on the adsorbent which favored an
increase in the adsorption capacity. A further increase
in the K2HPO4 concentration was found to erode the
adsorbent surface due to excessive phosphate ions,
leading to a decrease in the adsorbent surface area
and a reduced adsorption capacity.

3.2. Effect of impregnation time

Impregnation time is one of the important parame-
ters as it decides the interaction time of K2HPO4 with
bagasse and thus the chemical activation. Experiments
were performed for different impregnation time and
the results are reported in Fig. 2. The adsorption
capacity was found to increase with the impregnation
time till 6 h and further increase in time gives mar-
ginal variation in the adsorption. The addition of
phosphate ions to bagasse was found to increase the
adsorption capacity. As time progressed, phosphate
ions were attached to all the sites and thereafter, a
slight increase was seen in the adsorption capacity
which was an indication that all the sites were slowly
replaced by phosphate ions leading to a constant
adsorption capacity. The adsorption capacity increased
rapidly up to 6 h, with a slight increase in the adsorp-
tion capacity at further impregnation (12 and 24 h)
(p value <0.05). An increased impregnation time had
provided a better contact time but as the chemical
activation was found to be complete at 6 h, with no
further significant increase in the adsorption capacity
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Fig. 1. Effect of K2HPO4 concentration on the adsorption
of methylene blue (impregnation time: 24 h, impregnation
ratio: 0.05, and temperature: 30˚C).
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Fig. 2. Effect of impregnation time on the adsorption of
methylene blue (K2HPO4 concentration: 2 M, impregnation
ratio: 0.05, and temperature: 30˚C).
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at higher impregnation time, the 6-h impregnation
time was considered as the optimum for further
studies.

3.3. Effect of temperature

Temperature decides the transfer of phosphate ions
through the bagasse pores as it affects the viscosity of
the solution. Thus, effect of temperature was deter-
mined at different temperatures, i.e. 10, 20, 30, 40, and
50˚C and results are depicted in Fig. 3. Temperature at
30˚C was found to be the best for chemical activation
during the adsorbent process. The adsorption capacity
(qe) at 40˚C (130.03 mg/g) was slightly higher than at
30˚C (128.45 mg/g), but the chemical activation at a
higher temperature would require more energy and
hence the optimum temperature was considered to be
30˚C (p value <0.05). Low temperature was not
enough for the chemical activation to take place as
viscosity of solution increases and it becomes difficult
for the phosphate ions to diffuse into the bagasse.
However, high temperature may lead to the distortion
of porous structure of sugarcane bagasse which affects
the binding site and leads to a decrease in the
adsorption capacity.

3.4. Effect of impregnation ratio

Impregnation ratio was found to be an important
parameter during the chemical activation of adsorbent
as it influenced the adsorption capacity. It is the ratio
of the amount of bagasse powder used to the volume
of K2HPO4 solution (g/mL). The ratio varied for

K2HPO4 concentration of 2 M and the qe was found to
be 136.84 mg/g for an impregnation ratio of 0.0125
(p value <0.05). A lower impregnation ratio destroyed
the porous structure of the adsorbent surface due to
the higher concentration of phosphate ions as com-
pared to the amount of bagasse taken, while a higher
impregnation ratio led to an insufficient contact
between the bagasse and K2HPO4 solution (Fig. 4)

Adsorption capacity of the prepared adsorbent at
optimum conditions was 136.84 mg/g, while standard
activated carbon had 236 mg/g. After comparing the
adsorption capacity, it seems that there are chances
for improvement in the adsorption capacity of the
bagasse powder. The adsorption capacity of methylene
blue by various other adsorbents has been mentioned
in Table 1, and it shows that chemically treated
bagasse with an adsorption capacity of 136.84 mg/g
and natural bagasse with an adsorption capacity of
125.06 mg/g have a good scope to be used as an
adsorbent (p value <0.05).

3.5. Characterization of chemically activated bagasse
powder

IR spectroscopy results of normal and chemically
activated powder are shown in Fig. 5(A) and (B). The
difference indicated that the structure of bagasse was
changed after K2HPO4 treatment, and the changes
were both intra- and inter-molecular. The intramolecu-
lar changes were represented by the decreases in func-
tional group contents. Each glucose group of
sugarcane bagasse has three alcoholic hydroxyl
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Fig. 3. Effect of temperature on the adsorption of methy-
lene blue (K2HPO4 concentration: 2 M, impregnation time:
6 h, and impregnation ratio: 0.05).
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Fig. 4. Effect of different impregnation ratio on the adsorp-
tion of methylene blue (K2HPO4 concentration: 2 M,
impregnation time: 6 h, and temperature: 30˚C).
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Table 1
Comparison of adsorption capacity of various adsorbent for methylene blue

Sr. No. Adsorbent name MB adsorption capacity (mg/g) Reference

1. Orange peel 18.6 [18]
2. Banana peel 20.8 [18]
3. Rice husk 28 [19]
4. Modified sawdust 32.3 [20]
5. Hazelnut shell 38.22 [21]
6. Walnut sawdust 59.17 [22]
7. Peanut hull 68.03 [23]
8. Garlic peel 82.64 [24]
9. Tea wood bark 84 [19]
10. Dehydrated peanut hull 108.6 [25]
11. Cedar sawdust 142.36 [26]
12. Gulmohar (Delonix regia) plant leaf powder 186.22 [27]

(A)

(B)

Fig. 5. SEM analysis of sugarcane bagasse: (A) normal powder and (B) chemically activated.
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groups. The absorption at 3,400–3,440 cm−1 represents
the stretching of –OH groups, which was reduced
after K2HPO4 treatment. It specified that partial hydro-
gen bonds of cellulose were destroyed, leading to an
enhanced accessibility of cellulose to reagents. The
peak at 2,920–2,930 cm−1 represents the C–H stretch-
ing, the decrease in content indicated that methyl and
methylene of cellulose had some rupture. The contents
of the functional groups mentioned above were all
decreased after K2HPO4 treatment. However, slight
changes were found for some functional groups. Thus,
results of IR spectrum indicates that, chemically acti-
vated powder shows some functional group changes
and assists in higher adsorption capacities of chemi-
cally treated sample.

Scanning electron micrographs were depicted in
Fig. 6(A) and (B) for normal and chemically activated
bagasse powder. Normal powder micrograph shows
slightly organized surface topological characteristic of
bagasse particles prior to chemical activation. After
the chemical activation in batch process, bagasse

fibrous were swollen and distorted. Surface of bagasse
fiber was modified by K2HPO4 activation.

4. Conclusion

Sugarcane bagasse was explored as an adsorbent
using chemical activation in the presence of K2HPO4

using batch studies. The preparation of adsorbent was
optimized by one-factor-at-a time method, and opti-
mum conditions were found to be K2HPO4 concentra-
tion (2 M), impregnation time (6 h), temperature
(30˚C), and impregnation ratio (0.0125 g/mL). The
maximum adsorption capacity was found to be
136.84 mg/g for the powdered adsorbent which was
lower than the standard activated carbon (236 mg/g).
Infrared spectroscopy and SEM results supported the
chemical activation of bagasse powder for maximum
adsorption capacity. However, the proposed protocol
delivers cost-effective adsorbent for the removal of
hazardous dyes from polluted water streams as com-
pared to costly activated carbon.
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