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INTRODUCTION
Dye production industries and many other
industries which use dyes and pigments generate
wastewater, which is characteristically high in
color and organic content. Presently, it is
estimated about 10,000 different commercial
dyes and pigments exist and over 7×105 tones are
produced annually worldwide1-3. Azo dyes
represent a major group of all the dyes produced
world-wide4,5 and are important colorants
having extensive applications in textiles, papers,
leathers, gasoline, additives, foodstuffs and
cosmetics6. Approximately 10-15% of the
overall production of azo dyes is released into the
environment, mainly via wastewater. Some
researches have also determined that some dyes,
dye precursors and their biotransformation
products are toxic, mutagenic and carcinogenic in
nature7-11. Therefore, the azo dye-containing
wastewater should be treated before discharge.
In practice, no single process provides adequate
treatment and a combination of different processes
is often used to achieve the desired water quality
in the most economical way. There is a need to

develop new decolorization methods that are
effective and acceptable in industrial use. It is
now recognized that adsorption using low-cost
adsorbents is an effective and economic method
for water decontamination. A large variety of
non-conventional adsorbent materials such as
clays, zeolites, siliceous materials, agricultural
wastes, industrial by-product, synthetic hydro
gel, biomass, biopolymers, and cyclodextrin have
been proposed and studied for their ability to
remove dyes12-15. Much attention has recently
been focused on cellulose starch and starch-based
materials.
Amongst these numerous adsorbents, cellulose
represents a cheap and environmentally safe
source of material for the preparation of low-cost
adsorbents that may be useful for the removal of
pollutants from water16. These biopolymer
represents an interesting alternative as an
adsorbent because of its particular characteristics
(abundant, renewable and biodegradable raw
resource) and properties such as its chemically
stability and high reactivity, resulting from the
presence of chemically reactive hydroxyl groups
in polymer chains. However, it is known that the
hydrophilic nature of cellulose is a major
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constraint that seriously limits the development
of cellulose-based materials. Chemical
derivatization has been proposed as a way to
solve this problem and to produce water resistant
materials. Cross linking with Epichlorohydrin
(EPI) is the most common method used in
polysaccharide chemistry16,17. In literature there
have been numerous studies on this
cross-linker18-22. In our group, experiments are
being conducted to evaluate the use of chemically
modified cellulose as sorbents in waste water
treatment. Performance of modified cellulose
polymers were investigated for the removal of
azo dyes at different experimental conditions.23

MATERIAL  AND  METHODS
Materials
The azo dyes Amaranth, Methyl Orange (MO),
Tropaeolin 000 (TP) were purchased from
various suppliers and used as received. Water
insoluble starch (corn) was purchased from
Sukhjit Starch and Chemicals Limited, Phagwara
(India). Cellulose powder, Epichlorohydrin
(EPI), NaOH and NH4OH were purchased from
s.d. Fine Chemicals Limited, Mumbai (India). 

Preparation of polymers 
The cross-linked cellulose adsorbents were
prepared with the help of cross linking agent
epichlorohydrin in presence of NH4OH. The
procedure introduced  was used with some minor
modifications20. The cross linking reaction was
carried out in a thermo stated reactor vessel
NaOH (80 ml, 50% w/w) was heated to 45oC
after which 20 g of cellulose enriched flour was
suspended. The mixture was stirred vigorously
with a mechanical stirrer for 2 hours. The desired
amount of EPI and NH4OH were slowly added
drop wise. After 2 or 3 hours the viscosity of the
solution increased so strongly and rapidly that it
could not be stirred and after a few minutes a
solid polymer was obtained. Acetone was then
added and heating was continued for 30 min.
After cooling, the polymer was filtered and
washed with double distilled water many times.
The product was dried in oven at 50oC for 12
hours and finally granulated to particle sizes of 1
to 2 mm in diameter. 

Sorption method
The sorption capacity of synthesized polymers

was determined by the following technique, An
accurately weighed quantity of the dye was
dissolved in double-distilled water to prepare a
stock solution (100 mg /) and the solutions for
kinetics and equilibrium tests were prepared from
the stock solution to the desired concentrations
through successive dilutions. 0.25 g of sorbent
was mixed with 40 m of an aqueous solution of
azo dye (concentration 6 ppm) in a tightly closed
flask at 25oC. The pH was adjusted to 3 using 0.1
mol/ HCl. The solution was then stirred on a
horizontal shaker operating at a constant agitation
speed of 250 rpm for 60 min. The sorbent was
removed by centrifugation and filtration before
measurements. The residual concentration
organic solute was determined by spectrophotometer
and absorbance values were recorded at max
for each solution at 484 nm, 463 nm, 520 nm
for tropaeolin 000 dye, methyl orange dye and
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amaranth dye, respectively. The adsorption
capacity was then calculated and expressed in
percent uptake (%) which represents the ratio
between amount of adsorbed dye and starting
amount of dye.

RESULTS  AND  DISCUSSION
Two cellulose based polymers were prepared
with different molar ratios of EPI and NH4OH as
described in Table 1. Chemical structure of azo
dyes used in the study is shown in Fig. 1

FT-IR technique was used to identify the
functional groups present in polymers. The
spectra of native cellulose, polymer 1 and

polymer 2 are shown in Fig. 1 to Fig. 4. FT-IR
spectra of native cellulose showed bands at
1164.26, 1113.47, 1059.28 cm-1, which were
attributed to C-O band stretching (Fig. 1)
Additional characteristic adsorption bands
appeared at 1032.26, 706.91, 665 cm-1, 559.30
cm-1, which were due to anhydroglucose ring
stretching vibrations. A broad band due to
hydrogen bonded -OH groups appeared at
3345.36 cm-1. 
In FT-IR spectra of polymer 1, it was observed
that the intensity of peak due to hydrogen
bonded -OH groups at 3463 cm-1 weakened as
compared to spectra of native cellulose. At 1065
cm-1 a peak due to the presence of tertiary
amines group was observed and at 1459 cm-1 due
to CH2 group was observed (Fig. 2) The
characteristic ring vibrations were still present in
the polymer spectra in the 900-550 cm-1 region. 
FT-IR spectra of polymer 2 also showed two
peaks at 1744 cm-1 and 2854 cm-1 respectively
attributed to CN and CH2N vibrations as
compared to native cellulose. At 1052.06 cm-1 an
increase in peak due to the presence of
tertiary amines group and at  1463.96 cm-1 due to
CH2 group observed. It was observed that the
intensity of peak due to hydrogen bonded -OH
groups at 3421 cm-1 weakened as compared to
spectra of native cellulose, indicating that
hydroxyl groups participated in the reaction.

Table 1 : Experimental conditions of the synthesis
of the polymers used during this study

Polymer Cellulose EPI NH4OH
T(oC)

(g) (m) (m)
Polymer 1 

20 40 54 45
(Cellulose)
Polymer 2
(Cellulose)

20 140 181 45

Characterization of polymers by using
Fourier Transform Infrared (FT-IR)
Technique

Fig. 2 : FT-IR spectra of native cellulose
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Batch  experiment
The sorption capacity was investigated using
tropaeolin 000 dye, methyl orange dye and
amaranth dye. The conditions taken were
concentration 6 ppm, stirring time 1 hours and 25
mg of polymer used for each measure. Fig. 5
shows the sorption capacity of three azo dyes
on polymer 1 and polymer 2. It was found

that both polymers exhibited  higher sorption
capacities towards azo dyes. These polymers
exhibited same sorption capacity except
methyl orange dye. Polymer 2 showed the
better sorption capacity as compared to
polymer 1. This result confirms that the
presence of amine groups in polymers
strongly increased the sorption values. 

Fig. 3 : FT-IR spectra of polymer 1

Fig. 4 : FT-IR spectra of polymer 2
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Polymer 2 gave better sorption capacity towards
all azo dyes except methyl orange dye, which
indicated that sulfonate groups and hydroxyl
groups present in dyes were playing an important
part during adsorption.

Effect of pH

To evaluate the influence of the pH on the
sorption of the dye, tests were done at different
pH (3, 5, 7, 9 and 11) in distilled water. Fig. 6
shows the sorption capacities of polymer 1 and
polymer 2 at different pH for amaranth dye. It
was observed that sorption of amaranth dye took
place under acidic conditions. The sorption
capacity of polymer 1 was found 49 % while the
sorption capacity of polymer 2 was found   95 %
for amaranth dye at pH 3. With increase in pH
from 3 to 11, the sorption capacity for amaranth
dye decreased from 49 % to 27 % for polymer 1,

while for polymer 2 it decreased from 95 % to 77
%. All the experiments of sorption behavior of
azo dyes were performed at pH 5.
Polymers were weakly basic ion exchangers so
they possessed positive charge active sites while
amaranth dye was anionic in aqueous solution so
at lower pH the number of positive ions increased
that caused increase of the adsorption capacity at
lower pH while at higher pH, OH- ions would be
competing with anions of dyes so we got lower
adsorption at higher pH. It was observed that by
increasing the amount of epichlorohydrin and
NH4OH sorption capacity increased. It showed
the effect of amines group on adsorption of
amaranth dye at both polymers.

Effect of adsorption time

Fig. 7 shows the effect of contact time on percent
sorption of tropaeolin 000 dye, methyl orange
dye and amaranth dye by  cellulose polymers
(polymer 1 and polymer 2). It was found that
sorption capacity of polymers increased with the
increase in  contact time. Adsorption equilibrium
for amaranth dye, methyl orange dye and tropaeolin
000 dye was obtained after 2 hours, 1 hours, and
1 hours, respectively.

Effect of dose of adsorbants

Fig. 8 shows the influence of dose of polymer 2
on sorption capacity of tropaeolin 000 dye,
methyl orange dye and amaranth dye for contact
time 1 hours. The molar concentration of dyes
was kept constant while the quantity of polymer
was varied between 0.1 g to 0.75 g. It was

Fig. 5 : Comparison between sorption capacity    
of polymer 1 and polymer 2 for azo dyes

Fig. 6 : Effect of pH on sorption capacity of
polymer 1 and polymer 2

Fig. 7 : Effect of contact time on percent sorption 
of azo dyes by polymer 1 and polymer 2 
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observed that the adsorption capacity polymer
towards dyes was increased with increasing of
polymer dose. The increase in dose promoted the
more active sites which facilitated the adsorption
of dyes.

Adsorption isotherm
Adsorption isotherms describe how adsorbate
interacts with adsorbents. It is of importance in
optimizing the use of adsorbents. Two isotherms
were tested in the present study, namely
Langmuir and Freundlich. The Langmuir model
was based on monolayer, uniform and finite
adsorption site assumptions. It was also assumed
that there was no interaction between molecules
adsorbed on neighboring sites. The Freundlich
model was an empirical equation for multilayer,
heterogeneous adsorption sites. The experimental

data were analyzed with both the Langmuir
(Eq. 1) and Freundlich (Eq. 2) linearization's in
order to determine the best model to characterize
the adsorption mechanism.

(1)

(2)

where qe is the equilibrium dye concentration on
the polymer (mg/g) Ce is the equilibrium
concentration of dye in solution (mg/) KL (/g)
and aL(/mg) are the Langmuir isotherm
constant 1/nF is an empirical constant related to
the efficiency of the adsorption if 1/nF > 1 the
adsorption is low while if 1/nF < 1 the adsorption
is good. KF is Freundlich equilibrium constant
(/g-1).
Therefore, the plot of lnqe versus lnCewas
employed to generate the intercept value of KF
and the slop of 1/nF. By plotting Ce/qe against Ce
it was possible to obtain the value of KL from the
intercept which was 1/KL and the value of aL
from the slop, which was aL/KL. The theoretical
monolayer capacity was qmax and was numerical
equal to KL/aL.
Two isotherms were tested on polymer 2 for
amaranth dye, namely Langmuir and Freundlich
isotherms and yielded the correlation coefficient
(R2) which was a measure of measure of
goodness-of-fit. Fig. 9 and Fig. 10 it was
observed that the adsorption mechanism

Fig. 8 : Influence of polymer dose on percent
sorption by polymer 2 

Fig. 9 : Langmuir plot for the adsorption of amaranth dye on polymer 2 
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followed the Freundlich model better than the
Langmuir model when R2 values were
compared. The linear regression line obtained for
the Freundlich equation (Fig. 10) had a high R2

value (0.9834) indicating to good fit to this
model. This suggested that the boundary layer
thickness was increased. The value of 1/nF was
found 0.848, reflecting the favorable adsorption.
The adequate applicability of the Freundlich
equation to data showed that the polymer surface
was heterogeneous.

CONCLUSION
This study was carried out to synthesize water
insoluble cellulose based polymers.  Polymer 1
and polymer 2 were prepared using epichlorohydrin
as a crosslinking agent. These polymers were
used as a sorbent for the  extraction of azo dyes
from water. The results indicated that these
polymers were high capacity sorbents for the azo
dyes. By increasing the amount of epichlorohydrin
the sorption capacity of polymers towards azo
dyes increased. This indicated that amines groups
were playing major role. However, the sorption
was dependent on the presence of sulfonate
groups and hydroxyl groups present at dyes. The
polymers were effective adsorbents for all azo
dyes used, indicated by all the constants 1/nf
being lower than 1. According to these results the
proposed sorption mechanism involved several
kinds of interactions physical adsorption due to
the polymer network and chemisorption of the
pollutants via hydrogen bond. 
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