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ABSTRACT
Adsorption process has been widely used as one of the efficient
methods in removing pollutants that are hardly biodegradable. In this
study, new epichlohydrine crosslinked Schiff base chitosan/Fe2O3
nanocomposite was prepared and applied as adsorbent material. The
synthesized adsorbent was characterized by FT-IR, XRD, TGA/DTA,
DSC, EDS, BET, XRD and FE-SEM to explore morphology, structure and
functional groups. The adsorbent was applied for removal of methyl
green (MG) from aqueous solutions through batch experiments.
Different parameters such as adsorbent dosage, pH and contact time
were considered. The removal ef iciency of 94.8 % was acquired at the
optimum condition of pH = 8, adsorbent dosage of 0.02 g and contact
time of 30 min. The adsorption capacity of the sorbent was found to
be 47.4 mg/g. This nanocomposite could be a suitable candidate for
the removal of other organic dyes.
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Introduction
One of the serious global problems is water
pollutants. Removal or preventing disposal of
these pollutants has been one of the topics of
interest in recent research [1-9]. Organic dyes
are one of the most important water pollutants
produced by various industrial companies [10].
These dyes can affect on the ecosystem and
damage it [11]. Given the environmental
problems and their imposed costs, the
development of new methods with high
efficiency seems necessary to remove dyes from
wastewaters. In recent years, many techniques
have been developed and used to remove
various organic dyes from aqueous solutions
such as
locculation [12], photocatalytic
degradation [13], adsorption [11,14,15], nanoiltration [16], advanced oxidation [17] and
biological degradation [18]. However, some of
these methods suffer from complexity, high cost,
and low removal ef iciency [19]. Among them,
adsorption has received increasing attention
because the technique is cheap, simple, of low
energy consumption, and effective in removing
the low concentration of organic dyes [1-9] and
heavy metal ions [20-22]. Cost-effectiveness,
high surface area, strong binding capability to
pollutants, non-toxicity, eco-friendliness and
recyclability are some of the characteristics that
adsorbents should have to be used for efficient
removal of dyes from wastewaters [23].
Chitosan (Cs) and its modified compounds are
one of the best essential materials for organic
dye removal due to various active groups such
as OH, NH2, C=N, NO2 on the surface [1-8, 14-16,
24-28]. The free OH and NH2 groups on the
chitosan were easily functionalized with various
compounds such as epichlorohydrin (EC)
[10,20], sulfuric acid [1], quaternary ammonium
salt [4], various carboxylic acids [14,16] and
aldehydes [9,26,29,30]. Ke et al. [4] reported the
use of quaternary ammonium salt-modified
chitosan for methyl orange removal. The results
indicated that at the optimum conditions, the

maximum removal rate and adsorption capacity
are 98.9% and 131.9 mg/g, respectively. Gu et al.
[15] developed the chitosan-lignosulfonate
composite as a high adsorption efficiency of
congo red. Habiba et al. [24] reported the
adsorption of methyl orange on the surface of
chitosan/polyvinyl alcohol/zeolite electrospun
composite. Schif-bases are among efficient
materials that can be used to functionalize iron
oxide surface [31]. Schiff bases could be easily
produced by the reaction of the free amine
group of chitosan with the carbonyl group of
various compounds. The group -RC = Nobtained in these schif bases has many
potentials for analytical and environmental
applications by improving the adsorption or
complexation properties [32]. Sanati et al. [30]
considered removing methyl green (MG) from
an aqueous solution using the new modified
chitosan Schiff base.
MG is a cationic dye widely used in biology and
medicine as a photochromophore [33]. So far,
various adsorbent has been used in the removal
of MG from an aqueous solution such as MCM-41
[33], reduced graphene oxide [34], activated
bentonite [35], carbon nanotube decorated with
Ni nano ferrites [36], activated carbon [37] and
chitosan Schiff base [30].
In this paper, chitosan was modified using
epichlorohydrin, 4-hydroxybenzaldehyde (OBA),
and Fe2O3 nanoparticles to prepare EC-Cs-OBAFe2O3 nanocomposite (Scheme 1). The EC-CsOBA-Fe2O3 nanocomposite was characterized by
XRD, FT-IR, TGA/DTA, DSC, EDS, BET, XRD, and
FE-SEM and used as novel adsorbent for MG
removal from aqueous solutions.
Experimental
Materials and methods
All reagents were of analytical grade and were
purchased from Merck and Sigma-Aldrich Co.
and were used as received without further
purification. Fe2O3 nanoparticles were prepared
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according to previous literature [38]. FT-IR
spectrophotometer instrument (Perkin-Elmer)
was used to record FT-IR spectrum (KBr disks,
4000–400 cm-1). DSC analysis was recorded by
DSC analyser (Model 60A, Shimadzu, Japan). Xray diffractometer (2θ = 10-80º, Bruker AXS-D8)
was used to determine XRD pattern. SEM image
and EDS data were recorded on the TESCAN
Vega Model scanning electron microscope. The
Perkin-Elmer TGA analyzer was used for the

thermogravimetric analysis in the air
atmosphere at a low rate of 20 ºC/min (25-700
ºC). UV-Vis spectra were carried out with a UVVisible spectrophotometer (Perkin-Elmer). The
magnetic property was recorded by the
vibrating sample magnetometer (VSM) with a 5
× 106 emus sensitivity. The speci ic surface area
of the sample was determined using the BET
method (BET-Beckman colter, SA3100, USA).
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Scheme 1. Schematic illustration of EC-Cs-OBA-Fe2O3 nanocomposite preparation.
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Synthesis of EC-Cs-OBA-Fe2O3 nanocomposite
2.0 g of Chitosan was suspended in 100.0 mL of
ethanol-glacial acetic acid (95:5 v/v) and stirred.
After 10 min, 2 mL epichlorohydrin was added
and stirred for about 30 min. Then, to this
mixture, ethanolic solution of 4-methoxy
benzaldehyde (2 g in 10 mL) was slowly added
dropwise, followed by adding 0.5 g of α-Fe2O3
nanoparticles; the reaction mixture was kept at
80ºC, up to a brown solid precipitated. The
mixture was then cooled, and the solid was
filtered off, washed with cold ethanol, and dried
at room temperature for several days. The
product was characterized by FT-IR, XRD,
TGA/DTA, DSC, EDS, BET, XRD, and FE-SEM
Adsorption experiments
All adsorption experiments were performed in a
series of 50.0 mL Erlenmeyer lasks containing
the adsorbent and 25.0 mL of MG (40 mg/L)
solution. The suspensions were shaken for a
certain time, and then the adsorbent (EC-Cs-OBAFe2O3) was separated by centrifuging (4500 rpm,
15 min). The supernatant was analyzed to
determine MG content using a UV-Vis
spectrophotometer
and
corresponding
calibration curve. The removal rate R (%) and
adsorption capacity qt (mg/g) of MG onto the ECCs-OBA-Fe2O3 were calculated based on the
following equations [7,10,22]:
R = {(Ci – Ct) × 100} / Ci
qt = V × {(Ci – Ct) / M}

cm-1 is shown in Figure 1. The broad peak at
3384 cm-1 is assigned to the various OH groups
[3,4], while the sharp peak at 1620 is assigned to
the imine group (C=N) [9,29,30,39-41]
confirming the preparation of Schiff base
compound. The two peaks at 558 and 471 cm-1
are assigned to the Fe-O stretching vibration of
Fe2O3 [1,2]. The peaks at about 2860 and 2950
cm-1 can be respectively assigned to the
asymmetric and symmetric aliphatic hydrogens
[41,42].
TG/DTA/DSC curves
The TG/DTA curves of EC-Cs-OBA-Fe2O3 are
shown in Figure 2. According to Figure 2, the
mass loss of EC-Cs-OBA-Fe2O3 has happened in
the three principal decomposition stages. In the
first one, ≈ 20% mass loss was seen from 80 to
240 °C. The second one between 240 to 360 °C,
the compound loses about 25% of its weight
[9,30]. By heating the compound from 360 to 830
°C, about 17% of the mass of the compound is
decomposed. Finally, at 830 °C, about 43% of the
mass of the compound remains [9]. According to
the DTA, the primary exothermal process was
observed at 299 °C [30].
A broad weak endothermic peak was observed at
82°C, corresponding to the evaporation of the
absorbed ethanol solvent, and a sharp
exothermic peak was observed at 258 °C,
corresponding to the decomposition of Schiff
base groups [9,30] observed in the DSC curve of
EC-Cs-OBA-Fe2O3 (Fig. 3).

Where Ci (mg/L) is the initial and Ct (mg/L) is the
final concentration of MG, V (L) is the volume of
solution, and M (g) is the mass of EC-Cs-OBAFe2O3.
Results and discussion
FT-IR spectrum
In this paper, chitosan was modified by
epichlorohydrin, 4-hydroxybenzaldehyde, and
Fe2O3 nanoparticles. FT-IR spectrum of EC-CsOBA-Fe2O3 in wavenumbers from 4000 to 400

Fig 1. FT-IR spectrum of EC-Cs-OBA-Fe2O3
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XRD pattern

SEM images and EDS data

In Figure 4, Chitosan exhibits a strong peak at 2θ
= 20.01° [3,26,34,35] and two peaks concerning
α-Fe2O3 [29,36] nanoparticles were observed at
2θ = 33.26 and 35.78° indexed to planes (104)
and (101), respectively.

The study of morphology and particle size of ECCs-OBA-Fe2O3 nanocomposite and SEM images
were obtained as shown in Figure 5. As seen in
Figure 5, the quasi-spherical Fe2O3 nanoparticles
were loaded on the surface of chitosan. However,
the Fe2O3 nanoparticles formed aggregate. The
surface of EC-Cs-OBA is almost smooth. The
average crystalline size of Fe2O3 nanoparticles is
about 45 nm.

Fig 2. TG/DTA curves of EC-Cs-OBA-Fe2O3

Fig 3. DSC curve of EC-Cs-OBA-Fe2O3

Fig 5. SEM images of EC-Cs-OBA-Fe2O3 with two
different scales
Fig 4. XRD pattern of EC-Cs-OBA-Fe2O3
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MG removal studies
The effect pH (2-10), adsorbent weigh (0.005,
0.01, and 0.02 g) and contact times (0-30 min)
were evaluated on the MG adsorption.
Solutions pH

Fig 6. SEM-EDS data of EC-Cs-OBA-Fe2O3
The SEM-EDS data of EC-Cs-OBA-Fe2O3 is shown
in Figure 6. The main elements in the EC-Cs-OBAFe2O3 nanocomposite are C (44.31%) and O
(35.27%), respectively. However, the Fe mass
percentage is 2.85%.
VSM analysis
Figure 7 shows the magnetic properties of EC-CsOBA-Fe2O3 nanocomposite. The saturation
magnetization value is 0.03 emu/g. The low
magnetic
saturation
predicts
the
low
concentration of Fe2O3 in the EC-Cs-OBA-Fe2O3.
SEM-EDS data confirm this matter.

At first, we considered the initial pH solution as
an essential factor on the MG removal percentage
by varying it from 2 to 10 under constant other
parameters such as contact time (30 min), initial
MG concentration (40 mg/L), adsorbent dosage
(0.01 g) and temperature (25 °C) as shown in
Figure 8. At low pHs, there is a competition
between hydrogen ions and dye molecules for
interaction with the adsorbent. Due to the
smaller size of the hydrogen ions, these ions
interact much more easily with the adsorbent
and inactivate the adsorbent sites. Therefore,
methyl green cannot be effectively absorbed [30].
As seen in Figure 8, the best pH solution for
maximum removal percentage of MG is 8 due to
the increases of electrostatic interaction between
the various groups of MG and active sites EC-CsOBA-Fe2O3 nanocomposite. Similar results have
been reported by Sanati et al. [30] and Rida et al.
[37]. So, we selected this pH for studying other
parameters on the MG removal.
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Fig 7. VSM of EC-Cs-OBA-Fe2O3

Fig 8. Effect of initial pH on MG removal
percentage.
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Effect of contact times and adsorbent dosages
UV-Vis spectra of MG in different contact times
and adsorbent dosages are represented in Figure
9. MG has a sharp absorption at 632 nm (due to
n→π* transition). The decrease of this
absorbance with increases of adsorbent dosages
and contact times confirmed the removal of MG.
Table 1 shows a comparison of the adsorbent
used in this study with other methods in terms of
contact time, adsorbent capacity and removal
efficiency of methyl green. These results show
that the EC-Cs-OBA-Fe2O3 nanocomposites are
very ef icient for MG removal. After about 30 min
the adsorption peak at 632 nm disappeared,
indicating the good removal of MG. Also, there is
no significant change in this peak during the
adsorption study [25].
The removal percentage of MG was increased by
contact time and adsorbent dosages, and finally,
equilibrium was obtained after 30 min.
Conclusion
In summary, new epichlorohydrin crosslinked
Schiff base chitosan/Fe2O3 (EC-Cs-OBA-Fe2O3)
nanocomposite was prepared by simple and lowcost condensation method, characterized, and
used as adsorbent in the removal of MG. The
adsorption results showed that the initial pH,
contact time, and adsorbent dosage greatly
affected the MG removal. Compared with other
methods, the proposed method has a short
contact time, high adsorption capacity and high
removal efficiency.
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Table 1. Comparison of the various adsorbent
Adsorbent
Removal
(%)
Bamboo
79.4
MCM-41
49.57
Activated Bentonite
98
NiFe2O4-CNTs
56.19
Activated Carbon
78
Sejnane Clay
99.8
Mesoporous Silica SBA-S4
98.4
EC-Cs-OBA-Fe2O3
94.8
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