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Epichlorohydrin cross-linked chitosan (EP-Cs) was prepared was
characterized using Fourier transform infrared spectroscopy (FT-IR), X-ray
powder diffraction (XRD), thermal gravimetry (TG-DTA) and differential
calorimetric analysis (DSC), and used as adsorbent for methyl green (MG)
removal. Epy-Chit was soaked in methyl green solution with concentration of
40 mg/L using a batch adsorption system, to measure the adsorption capacity
of the EP-Cs and the percentage of MG removed from the aqueous solution.
The optimum MG adsorption on EP-Cs occurred at pH 7.8, agitation time of 60
minute and adsorbent dosage of 0.02 g were observed. Adsorption results
show that the EP-Cs exhibited the excellent performance for the MG removal
from aqueous solution. This study suggests that EP-Cs could be explored as an
adsorbent for removing other organic pollutants.
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Introduction

Currently, different organic dyes were used in
various industries such as leather, food, paper,
plastics and others industries [1]. About 10 to 20
percent of these dyes are present in the effluent
of these and may enter the
environment [2]. Due to the degradation
resistance, high stability, string colority and high
toxicity of the azo-dyes against light and heat, so
they can be present in nature for a long time. In
this case, they cause a lot of damage to the
environment [3] and so called as eco-toxic
substances [4]. Therefore, the removal of these
dyes from the effluent of these industries is one
of the important goals in reducing environmental
pollution. So far, many methods have been used
to remove these dyes from the environment
(water and soil) [5-8]. Of all the available
methods, the adsorption method is used as an
efficient, effective, low-cost and convenient
method to remove various dyes such as methyl
green [9], congo red [10], bromophenol blue
[11], crystal violet [12], and methyl green [13-
15]. Then, it is important to develop new
adsorbents for removal of various dyes with
highly adsorption capacity and very fast
separation Chitosan, as a
macromolecule, and its derivative are of the best
adsorbents to remove of the various dyes [16-
20], because they have a large number of free
amino and hydroxyl groups and can easily
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coordinate with various metal ions [21] or inter-
molecular interaction (O-H-N, O-H--m, N-H:N)
dyes [9]. Obeid et al. [19]
synthesized new chitosan/maghemite composite
and used it for the adsorption of methyl green.
Tsai et al. [18] prepared crosslink chitosan
microspheres via emulsion polymerization using
glutaraldehyde as crosslinking agent to
adsorption of methyl green from aqueous
solution. Ke et al. [9] successfully modified
chitosan with quaternary ammonium salt and
then used it as an adsorbent for the removal of
methyl green [9]. Yuvaraja et al. [16] reported
aminated chitosan Schiff base for the methyl
green removal. Methyl green (as a cationic dye)
used as change solution color in biology and
medicine [22] and a histochemical reagent [23].
The major application of MG is for dyeing in the
textile industry [24] and also used as indicator
dyes due to their pH sensitivity [25]. Recently,
various adsorbents have been used for removal
of methyl green from aqueous solution [13-15].
Continuing the previous work [26], in the
present study, epichlorohydrine cross-linked
chitosan (abbreviated as EP-Cs) was prepared by
reaction of chitosan with epichlorohydrine as
crosslinked agent and characterized by FT-IR,
XRD, TGA and DSC analysis. In addition,
adsorption properties for methyl green removal
of EP-Cs from aqueous solution under varied
experimental conditions were investigated.
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Scheme 1. Preparation of Epichlorohydrin cross-linked chitosan (EP-Cs)
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Experimental
General
Chitosan, glacial acetic acid, ethanol and

epichlorohydrine were purchased from Merck
and Sigma-Aldrich Companies. They were used
without further purification. FT-IR spectra were
recorded with FT-IR
spectrophotometer using KBr disks from 4000-
400 cml. TGA curve was recorded by the Perkin-
Elmer TGA analyzer in air atmosphere at a flow
rate of 20 °C/min (25-700 °C). DSC analysis was
recorded using DSC analyzer Model 60A,
Shimadzu. XRD patterns were determined by
Bruker AXS-D8 X-ray diffractometer (26 = 10-
80°). SEM images were recorded on the TESCAN
Vega Model scanning electron microscope. UV-
Vis spectra were carried out with UV-Visible
spectrophotometer (Perkin-Elmer).

Perkin-Elmer

Preparation of EP-Cs

The steps for preparing the EP-Cs are as
follows: Chitosan (1 g), 20 mL ethanol and 2 mL
glacial acetic acid were added into a three-
necked flask, subsequently stirring at 50 °C for 1
h on a hiter-stirree Then, 1 mL of
epichlorohydrine was added dropwise, and the
mixture continuously reacted at 70 °C for about 6
h. The pale cream precipitates were filtered off,
washed and dried.

Adsorption Experiments

The EP-Cs (0.005, 0.01 and 0.02 g) and 20 mL of
methyl green solution with initial concentration
of C, = 40 mg/L were mixed in a 250 mL flask,
following shaking on a room temperature at pH =
8 and. The EP-Cs was removed and the
concentration of MG remaining in solution (C.)
was measured by UV-Vis spectroscopy at 632
nm. Also, the effect of contact time was studied
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between 0 to 60 min. Percentage of adsorption
(R%) was calculated using equation (Eq. 1)
below:

(Co—Ce) ®x 100
o) = —
R% o (1)

Results and Discussion
Characterization of EP-Cs

The FT-IR spectra of chitosan and EP-Cs are
shown in Figure 1. The broad band at around
3435 cm! was assigned to the overlap between -
OH and -NH; stretching vibrations [9,19], while
the several bands were appeared at
wavenumbers  between  3500-3100 cm,
confirming the removed of some of hydroxyl
groups during the modification [9,19]. The two
peaks at about 2920 and 2875 cm'! were
assigned to the C-H vibration of aliphatic
hydrogen [9,19]. The two peaks at about 1650
and 1600 cm! in chitosan are assigned to the C-O
stretching along the N-H deformation [18]. While
in the FT-IR spectrum of EP-Cs there are two
peaks at 1650 and 1558 cm-L. The peak at 1558
cm! was due to -NH deformation [26], and 1411
cm-! showed the C-N amine group [26]. The peak
at about 1089 cm! is due to C-O-C in the
pyranose ring of chitosan [14].

The X-ray diffraction patterns of chitosan and
EP-Cs are shown in Figure 2. The shoulder peak
and a small broad peak at 20 = 14.50° and 23.65°
showed that the chitosan polymer
amorphous [14,16]. In the EP-Cs, a new peak at
12.02° appeared and also the two broad peaks at
about of 18.32° and 21.22° appeared. These
changes confirmed the preparation of EP-Cs.

was
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Figure 1. FT-IR spectra of the chitosan and EP-Cs
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Figure 2. XRD patterns of the chitosan and EP-Cs

Thermal gravimetry (TG) and differential
thermal analysis (DTA) of EP-Cs are shown in
Figure 3. TGA of EP-Cs shows three stages of
mass loss. It is stable until 75 °C, and after that
about 20% of its weight has been losses in the
temperature range of 75 to 175 °C that may be
attributed to losing physically adsorbed moisture
or ethanol solvent [27,28]. The second stage of
weight losses (42%) begins from 175-375 °C
assigned to the thermal decomposition of
pyranose ring [27,28]. At the third stage the loss
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of weight was 16% at 825 °C and a residual mass
of 22% was observed [29].

Differential scanning calorimetry (DSC) curve of
EP-Cs (Figure 4) shows an endothermic peak at
108 °C assigned to the evaporation of moisture
and ethanol adsorbed on the
compound [30], while an exothermic peak
appeared at 297 °C, corresponding to the
decomposition of the pyranose chain [30]. Figure
4 showed that the EP-Cs is a slightly less stable
than chitosan; chitosan shows the exothermic
peak at 306 °C [30].

molecules
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Figure 3. TGA-DTA curves of EP-Cs
Adsorption Properties

One of the most important parameters on the
removal of dye from aqueous solution is the pH
of solution [9,16]. Rida et al. reported the MG
removal percentage is about 77% at pH = 8 using
activated carbon [31]. Then, we examined the
removal of methyl green by EP-Cs at pH = 8 and
considered the effect of adsorbent dosage and
contact time of the removal percentage of methyl
green.

The effects of EP-Cs mass quantity in the range
0f 0.005-0.02 g on the absorbance of MG solution

20 1 108 °C
endothermic
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—
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and the removal of the MG are shown in Figures
5 and 6, respectively. Figure 5 shows the
absorbance of solution decreased by increasing
the adsorbent dosage from 1.249 to 1.005, 0.09
and 0.057, respectively, due to the increase in the
adsorbent surface areas and hence increase the
active functional sites on the adsorbent [32].
Figure 6 shows the study of adsorption of MG at
the presence of various adsorbent dosages. After
60 min of contact time, percentage adsorption of
MG onto EP-Cs was 19.53, 92.79 and 92.7% for
0.005, 0.01, and 0.02 g of EP-Cs.
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Figure 4. DSC curve of EP-Cs
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Figure 5. Effect of adsorbent dosage on the absorbance of MG solution at various contact times
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Figure 6. Effect of adsorbent dosage on the MG removal at various contact time

Conclusion

The epichlorohydrin cross-linked chitosan (EP-
Cs) adsorbent was successfully prepared and
characterized by FT-IR, XRD, TG/DTA and DSC
analysis. The removal of MG dye was investigated
and the effect of adsorbent dosage and contact
time were studied. Results showed that the
adsorption percentage of EP-Cs was highly
dependent on the adsorbent dosage and contact
time. The adsorption increased with
increasing the adsorbent dosage and also
contacts time. Then the EP-Cs can act as a

rate
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potential sorbent to remove of various dyes from
aqueous solution.
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