¢/ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2021.27839

242 (2021) 283-292
December

Chitosan modifications for azo dyes removal from wastewaters:

Methyl orange dye model

H.M. Ahmed, S. Aboulhadeed, R.E. Khalifa, A.M. Omer, T.M. Tamer,

M.S. Mohy-Eldin*

Polymer Materials Research Department, Advanced Technologies and New Materials Research Institute,

City of Scientific Research and Technological Applications (SRTA-City), New Borg El-Arab City, P.O. Box: 21934,
Alexandria, Egypt, Tel. 002 034593414; emails: mmohyeldin@srtacity.sci.eg (M.S. Mohy-Eldin),
malak.scientist@gmail.com (H.M. Ahmed), s.a.aboulhadeed@gmail.com (S. Aboulhadeed),

randaghonim@gmail.com (R.E. Khalifa), amomar@srtacity.sci.eg (A.M. Omer), tmahmoud@srtacity.sci.eg (T.M. Tamer)

Received 21 May 2021; Accepted 25 September 2021

ABSTRACT

The objective of the present work is the synthesis and characterization of the newly formed
chitosan Schiff base derivative for the removal of azo dye, using Methyl orange (MO) as a model
from wastewater. The chitosan Schiff base derivative was developed by reaction of chitosan with
4-methoxybenzaldehyde to have chitosan Schiff base (Cs/MeB) in the presence of glutaraldehyde
as a crosslinker. The structures were characterized using Fourier-transform infrared, thermal
gravimetric analysis, scanning electron microscopy, and differential scanning calorimetry. A batch
system was applied to study the adsorption of MO dye from aqueous solutions using the devel-
oped chitosan Schiff base (Cs/MeB) compared to pure cross-linked chitosan. Experiments were car-
ried out as a function of contact time, initial dye concentration, system temperature, system pH,
agitation rate and adsorbent dosage on dye removing percent (%).
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1. Introduction

A wide variant of pollutants can contaminate the water
either individually or coordinately, such as heavy met-
als, dyes, and pharmaceutics wastes [1-3]. Different type
of water-soluble dyes such as methylene blue has a wide
industrial use [4] and cause very harmful impacts on the life
quality [5]. The azo dyes have a dominant contribution in
the textile industries and cause mainly health problems [6].
Accordingly, the contamination of the wastewater by such
dyes is a high priority environmental challenge, and many
techniques were developed to eliminate including; photo-
decomposition, ceramic ultrafiltration membrane, degra-
dation by electrochemical oxidation techniques, biological

* Corresponding author.

combined anaerobic-aerobic treatment, and finally, the
most widely used; adsorption technique [7-11].

Since cost is the significant factor for any process/
technology to find eventual adoption in industries, an
efficient and widely available cheaper substitutes-based
method of dye removal/remediation would be highly
desirable to address cost issues. At this point, the biopoly-
mers-based materials for the removal of the dye come first.
Dassanayake et al. [12] reviewed the recent advances in
biopolymer-based dye removal technologies. The review
highlights and presents a review of recent literature on
the utilization of the most widely available biopolymers,
specifically cellulose, chitin and chitosan-based products
for dye removal. The focus has been limited to the three

1944-3994/1944-3986 © 2021 Desalination Publications. All rights reserved.



284 H.M. Ahmed et al. | Desalination and Water Treatment 242 (2021) 283-292

most widely explored technologies: adsorption, advanced
oxidation processes and membrane filtration. Due to their
high efficiency in dye removal coupled with environ-
mental benignity, scalability, low cost and non-toxicity,
biopolymer-based dye removal technologies have the
potential to become sustainable alternatives for the reme-
diation of industrial dye effluents as well as contaminated
water bodies.

Kyzas et al. [13] reviewed chitosan adsorbents for dye
removal. The major advantage of chitosan is the existence of
modifiable positions in its chemical structure. Modification
of the chitosan molecule by (i) grafting (inserting functional
groups) or (ii) crosslinking reactions (uniting the macro-
molecular chains with each other) leads to the formation of
chitosan derivatives with superior properties (enhancement
of adsorption capacity and resistance in extreme medium
conditions, respectively).

Freire et al. [14] synthesized chitosan/magnetite nanopar-
ticles (ChM) based on co-precipitation reaction under
ultrasound (US) irradiation. The adsorption capacity for
Methyl orange (MO) was found 70.85 mg/g.

Dong et al. [15] developed polyamine chitosan adsor-
bent, reach with extra amine groups on C6, for the enhanced
adsorption of anionic dyes (Congo red and Methyl orange)
from water. The developed polyamine chitosan adsorbent
shows significantly greater adsorption capacities (625 mg/g)
compared with chitosan (71 mg/g) according to the mono-
layer Langmuir model. The increased adsorption perfor-
mance was attributed to a large number of primary amine
groups on the surfaces. The adsorption mechanism was
based on electrostatic interaction, while the adsorption pro-
cess was mainly physisorption.

Labidi et al. [16] grafted chitosan with acrylamide to
have chitosan-graft-polyacrylamide for evaluation of its
capacity in the removal of MO dye from water solution.
The chitosan-graft-polyacrylamide removed 100% of MO
from 1 ppm solution within 30 min.

Ahmad et al. [17] synthesized a novel chitosan-grafted
polyorthoethylaniline biocomposite and tested the adsorp-
tion of MO dye. The Langmuir isotherm model adsorption
capacity of 45.7mg/g was evaluated.

The modification of chitosan through click reaction with
aldehydes to form Schiff bases has attracted much atten-
tion recently due to the ease of the modification in one step
and the wide range of Schiff bases obtained with different
hydrophobic-hydrophilic characters. The cheap cost of the
naturally extracted aldehydes and so chitosan acquired the
chitosan Schiff bases and advantage.

Alabbad [18] developed an efficient chitosan-iso-vanillin
Schiff base polymer adsorbent and evaluated the removal
of Methyl orange (MO) dye from wastewater. The mono-
layer Langmuir adsorption capacity reaches 666.6 mg/g.

Yuvaraja et al. [19] developed a novel, eco-friendly
aminated chitosan-terephthalaldehyde Schiff’s base-ZnO
composite (ACSSB@ZnO) and utilized it to remove MO
from aqueous environment. The highest sorption capacity
of ACSSB@ZnOwas observed to be 111.11 mg/g at 323 K.

Huang et al. [20] prepared salicylaldehyde-chitosan
Schiff base (SCSB), an electropositive adsorbent. The results
showed that SCSB exhibited electrostatic adsorption on
anionic dyes with a better adsorption performance than

chitosan. The obtained adsorption capacity was found at
57.57 mg/g for MO dye.

In the continuation search to development of an effi-
cient and widely available cheaper substitutes-based adsor-
bent materials of dye removal/remediation, since the cost
is the significant factor for any process/technology to find
eventual adoption in industries, the present study aimed
to develop a novel chitosan-4-methoxybenzaldehyde Schiff
base (Cs/MeB) for the removal of Methyl orange (MO) from
wastewater as an azo-dye model, by click reaction of chi-
tosan amine groups of the 4-methoxybenzaldehyde to have
an adsorbent with higher hydrophobicity and less positive
charges sites. The 4-methoxybenzaldehyde was selected
based on containing its chemical structure of both benzene
aromatic ring and methyl hydrophobic groups matched
its counterpart in the MO structure, which expected to
promote the hydrophobic-hydrophobic interaction. Both
chitosan Schiff base (Cs/MeB) derivative and chitosan were
crosslinked by glutaraldehyde to have additional Schiff
base formation with three-dimensional structures. The
physic-chemical properties of the developed adsorbents
were characterized using Fourier-transform infrared (FT-
IR), thermal gravimetric analysis (TGA), scanning electron
microscopy (SEM), and differential scanning calorimetry
(DSC).

Finally, the developed chitosan Schiff base (Cs/MeB)
derivative was examined in a batch tank reactor to remove
the MO dye from aqueous solutions and compared to cross-
linked chitosan. The impact of operational conditions such
as contact time, initial dye concentration, system tempera-
ture, system pH, agitation rate and adsorbent dosage on the
MO dye removing percent (%) was investigated.

2. Materials and methods
2.1. Materials

Chitosan (molecular weight: 100,000-300,000) was
obtained from ACROS Organics™ (USA). Acetic acid
(99.8%), methyl orange, 4-methoxybenzaldehyde were all
purchased from Sigma-Aldrich (Germany). Sulfuric acid
98%, sodium hydroxide, ethanol, and phenolphthalein were
purchased from El-Nasr Pharmaceutical Co for Chemicals

(Egypt).

2.2. Methods

2.2.1. Preparation of chitosan and chitosan Schiff base
derivative hydrogels

Coupling of chitosan amine groups with aldehyde was
done according to Soliman et al. method [21]. In detail,
(1 g) of the chitosan was dissolved in 50 mL acetic acid
solution (2%) at ambient temperature overnight. Filtration
of chitosan solution was carried out using cheesecloth to
remove undissolved chitosan. Then a 10 mL of absolute eth-
anol was added carefully to the chitosan solution, with con-
tinuous stirring to have a homogenous solution. 31 mmole
of 4-methoxybenzaldehyde previously dissolved in 10 mL
ethanol was added to the above solution. After that, the
temperature was rose to 70°C; the reaction mixture was left
to react under continuous stirring for 6 h. Then 5 mL of 10%
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glutaraldehyde was added to the solution to have 0.66%
glutaraldehyde final concentration, with continuous stir-
ring at 70°C for an additional 1 h. The obtained gels were
collected by filtration, washed several times with Ethanol
to remove any unreacted halide or aldehyde, and finally
dried at 60°C under reduced pressure. The unmodified
chitosan hydrogel was prepared under the same conditions
without the addition of the aldehyde. The dried chitosan
and chitosan Schiff base (Cs/MeB) hydrogels were grinding
well, and particles size between 125-250 pm was collected
using gradual mechanical sieving for further use in the
MO adsorption process. Chitosan Schiff base (Cs/MeB)
hydrogel was characterized and evaluated comparing to
chitosan hydrogel (Cs).

2.3. Characterization
2.3.1. Physicochemical characterization
2.3.1.1. Water uptake (%)

The water uptake behaviour of the prepared hydrogel
was investigated using distilled water (pH 5.4). Accurately
weighed amounts of hydrogels were immersed in water
and allowed to swell for 24 h at 37°C. The swollen hydrogel
was periodically separated, and the moisture adhered to
the surface of hydrogel was removed by blotting them gen-
tly in between two filter papers, immediately followed by
weighing. The swelling degree of samples was determined
according to the following formula [22]:

M

Water uptake (%) = |:M’]\:IO:| x 100 (1)
0

where M, is the weight of the swollen hydrogel and M,
is the initial dry weight.

2.3.1.2. Ion exchange capacity of the hydrogel

A known weight of chitosan or Schiff base hydrogels
were added to the known volume of 0.1 M H,SO, solu-
tion, and the mixture was kept under shaking for 3 h.
The mixture was filtered, and an aliquot was titrated against
a standard solution of sodium hydroxide. Similarly, con-
trol titration without the addition of chitosan was also run.
From the difference in the volume of NaOH required for
neutralization, the ionic capacity of chitosan samples was
calculated using the following equation:

(v,-v,)A

Ion exchange capacity (meq/g) = W

@

where V, and V| are the volumes of NaOH required for
complete neutralization of H,SO, in the absence and presence
of chitosan membrane, respectively, A is the normality of

NaOH and W is the weight of sample taken for analysis [23].

2.3.1.3. Infrared spectrophotometric

Infrared spectra were performed with Fourier-transform
infrared spectrophotometer (Shimadzu FTIR - 8400 S,

Japan) to confirm modification and prove the structure
of the developed hydrogels.

2.3.1.4. Thermal gravimetric analysis

Analysis by TGA of samples was carried out using a
thermogravimetric analyzer (Shimadzu TGA-50, Japan)
under nitrogen to evidence changes in structure as a result
of the modification. Samples were measured their weight
loss starting from room temperature to 600°C at a heat-
ing rate of 10°C/min.

2.3.1.5. Differential scanning calorimetry analysis

Differential scanning calorimetric analysis of chitosan
and chitosan Schiff base samples (~5 mg in sealed Al-pan)
was carried out using Differential Scanning Calorimeter
device (Shimadzu DSC-60A, Japan) in the temperature range
of ambient to 350°C at a heating rate of 10°C/min under
nitrogen flow (30 mL/min).

2.3.1.6. Scanning electron microscopic analysis

Samples were coated under a vacuum with a thin layer
of gold before being examined by scanning electron micros-
copy. Morphological changes of the surface of the sam-
ple were followed using a secondary electron detector of
SEM (Joel JSM 6360LA), Japan.

2.3.1.7. Batch equilibrium studies

The stock solution of 1 g/L of Methyl orange (MO) dye
(1,000 ppm) was prepared by dissolving the appropriate
amount of dye in distilled water then the used concen-
trations were obtained by dilution. All the adsorption
experiments were conducted in 100 mL flasks by add-
ing a given amount of adsorbent to 25 mL dye solution
of different dye concentrations with different pH values
and shaking in an orbital shaker for a given time. The
adsorbate concentrations in the initial and final aque-
ous solutions were measured by using UV-Vis spectro-
photometer at 465 nm. The amount of dye adsorbed was
calculated from the difference between the initial concen-
tration and the equilibrium one. The values of percentage
removal were calculated using the following relationship:

Dye removal(%) = @ x 100 3

0

where C, is the initial dye concentration and C, is the final dye
concentration in supernatant.

3. Results and discussions

In the current research, new chitosan Schiff base (Cs/MeB)
derivative hydrogel was prepared via coupling chitosan
amine groups with 4-methoxybenzaldehyde followed by
crosslinking with glutaraldehyde (Fig. 1). The prepared
hydrogel was characterized using different characteri-
zation tools. The obtained hydrogel was evaluated as a
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Fig. 1. Schematic preparation of chitosan and Cs/MeB hydrogels.
dye removal material using Methyl orange as a model for
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CsiMeB
3.1. Characterization
3.1.1. Physicochemical characterization
The cationic ion exchange capacity of chitosan and
chitosan Schiff base (Cs/MeB) derivative demonstrate a
decrease in free amine groups of chitosan hydrogel. The
decrease of the ion exchange capacity of the chitosan —_
from 4.48 to 2.84 meq/g of Cs/MeB can be explained by R OH&NH,
—_

the consumption of amine groups in the reaction with
4-methoxybenzaldehyde. The decrease of the water uptake
values of the prepared hydrogel from 213% (chitosan)
to 130% (Cs/MeB) confirmed the consumption of amine
groups in the reaction with 4-methoxybenzaldehyde.

3.1.2. Fourier-transform infrared spectroscopy

Function groups of chitosan and chitosan Schiff base
(Cs/MeB) hydrogels were estimated using FT-IR. Fig. 2
illustrates the polysaccharide function groups included
hydroxyl at 3,200-3,600 cm™, aliphatic C-H bond at
2,850-1,960 cm™ and C=0, C-O-C and C-O at 1,637, 1,157
and 1,025 cm™, respectively. On the other hand, coupling

CH aliph C=

NH,

A

OH C-0-C
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Fig. 2. FT-IR of Cs and Cs/MeB hydrogels.
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chitosan with 4-methoxybenzaldehyde generates another
type of peaks such as aromatic C-H at 3,066 cm™ and C=C at
1,421 cm™ [24-26)].

3.1.3. Thermal gravimetric analysis

Thermal degradation of chitosan and its derivatives
hydrogel was investigated from 25°C-600°C and pre-
sented in Fig. 3. Moisture loss at the initial degradation
step ~100°C of chitosan and (Cs/MeB) are 6.77% and 7.97%,
respectively. The second degradation step was started at
220°C that corresponding to the thermal decomposition
of glucose pyranose ring to form crosslinked residue [27].
Slightly higher degradation of Cs/MeB than chitosan was
observed indicates a neglected impact of the Schiff base
formation on the thermal stability [28].

3.1.4. Differential scanning calorimetry

Fig. 4 displays the DSC chart of chitosan hydrogel and
chitosan Schiff base (Cs/MeB) derivative. The endothermic
peak below 100°C was associated with evaporation of pip-
ing water that was trapped by chains during preparation
steps [29,30]. The next event was described as an exother-
mic peak between 220°C-320°C as a result of the destruc-
tive decomposition of the chitosan pyranose ring along the
polymer backbone [31].

3.1.5. Scanning electron microscope

Fig. 5 represents the morphological structure of the
chitosan and chitosan Schiff base (Cs/MeB) derivative
hydrogels. Analyses of the pictures demonstrate an almost
homogenous surface of the chitosan adsorbent (Fig. 5a).
On the other side, morphological changes of the chitosan
Schiff base (Cs/MeB) have been observed with the forma-
tion of new structures on the surface, flacks flowers like,
which increase the outer surface area. In addition, new
pores formation with different sizes, which provides an
additional internal pores surface area, was recognized as
indicated in Fig. 5b. This phenomenon can be described
by the presence of heterogeneous groups labelled on the
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o 80 4
S
Z 70
=0
)
= 60 4
=
g 50
&
= e \

30 T T T T T "

0 100 200 300 400 500 600

Temperature (°C)

Fig. 3. TGA of Cs and Cs/MeB hydrogels.

repeating polysaccharide, which distorts the internal order
of chains and creating new-formed structures and pores,
which consequently increases the external and internal
surface area [26].

3.2. Adsorption process

In this work, we investigated the sorption behaviour
of chitosan and chitosan Schiff base (Cs/MeB) derivative
hydrogels, which give the maximum removal per cent,
and its applicability to artificially contaminated water with
Methyl orange (MO) solution.

A batch experiment was performed in which aque-
ous solutions of the MO were prepared. The adsorption
behaviours of the hydrogels towards the MO were optimized
under different adsorption conditions of time, temperature,
dye pH, agitation rate, adsorbent dosage, and MO initial
concentrations.

3.2.1. Effect of time

Fig. 6 presented the time profile of the MO adsorp-
tion process by Cs and Cs/MeB hydrogels. The adsorption
at the initial stages is relatively rapid and then gradually
decreases with the progress of adsorption until it reaches
an equilibrium state. In the process of dye adsorption, ini-
tially, dye molecules have first to encounter the boundary
layer effect, and then it has to diffuse from boundary layer
film onto the adsorbent surface and then finally, it has to
diffuse into the porous structure of the adsorbent [32]. The
rapid adsorption at the initial contact time can be refer-
ring to the availability of the higher positively active sites
along hydrogel surface and pores [33]. With the progress
of the adsorption process, the dye removal rate going to
slow down for many reasons, such as (a) reducing of the
free adsorbing active sites on the adsorbents, (b) the repul-
sion interaction between the negative adsorbed dye mole-
cules on the adsorbents, in the first stage, and the remain-
ing free dye molecules in the solution, and (c) decreases of
the dyes concentration gradients between the adsorbents
solid phase and the dye solution phase which is the moti-
vating force of the adsorption process. Many interesting

8
DSC
(mw)

100 200 300

Temperature (°C)

— s Cs/MeB

-6 4

Fig. 4. DSC of Cs and Cs/MeB hydrogels.
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Fig. 5. SEM pictures of (a) Cs (Cs-1000X & (Cs-5000X)) and (b) Cs/MeB (Cs MeB-1000X & (Cs MeB-5000X)) hydrogels.

observations were extracted from Fig. 6. The first one is
the fast removal of 80% MO only after 15 min using Cs/
MeB hydrogel, while the chitosan hydrogel needs 75 min
to achieve the same removal percentage. The second
observation concerning the removal of almost 99% of MO
dye molecules only after 45 min using Cs/MeB hydrogel
and equilibrium reached. The equilibrium time reached
after 120 min for chitosan hydrogel, where only 86% of
MO dye molecules were removed. The superiority of the
Cs/MeB hydrogel over its chitosan counterpart referred
mainly to the newly formed porous structure as shown
in Fig. 5b, and its direct impact on increasing the outer
and pores internal surface area available for adsorption.

3.2.2. Effect of temperature

Fig. 7 demonstrates the impact of increased adsorption
temperature from 25°C to 80°C on the MO dye removal
(%) process using 25 mL of 5 ppm MO and 0.1 g adsor-
bent. The Figure shows two stages of the MO removal (%)
for the chitosan adsorbent. The first stage was between
25°C and 40°C, where an exponential increment of the MO
removal (%) from 47% to 86% were recognized. The second

stage, beyond 40°C up to 80°C, shows a slow linear incre-
ment of the MO removal % from 86% to 91.5% at equilibrium.
This behaviour disagrees with our previously published
results [34], where a linear increment of the MO dye removal
was observed. That disagreement may be referred to the
higher concentration of GA used in this case (25%) compared
with only 10% in the current work.

For Cs/MeB adsorbent, only one stage with a linear
increment of the MO removal % from 80% to 97% at equi-
librium has been observed in accordance with our previ-
ously published results removing MO dye by crosslinked
chitosan derivate Schiff bases obtained from the coupling
of chitosan with 1-vinyl 2-pyrrolidone Schiff base and
4-amino acetanilide Schiff base [34]. The Cs/MeB adsorbent
shows an advantage over the chitosan adsorbent at room
temperature, where the MO removal (%) of the Cs/MeB
adsorbent (80%) is almost double of the chitosan adsorbent
(47%). At a temperature higher than 40°C, The MO removal
(%) for both adsorbents was found very close with a slight
advantage of the Cs/MeB adsorbent.

An increase in temperature is known to increase the rate
of diffusion of the adsorbate molecules across the external
boundary layer and in the internal pores of the adsorbent
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Fig. 7. Temperature profile of MO adsorption and water uptake
(WU%) by Cs and Cs/MeB hydrogels.

particles as a result of the decreased viscosity of the solu-
tion [35]. Almeida et al. [36] suggested that a swelling effect
within the internal structure of the adsorbent penetrating the
large dye molecule is likely to occur when the temperature
increases. In addition, Cestari et al. [37] reported that the
dimensions of the chitosan pores increased with tempera-
ture. Our results agreed with the suggestion of Almeida et
al. [36] and Cestari et al. [37], where the water uptake (%)
of chitosan and Cs/MeB adsorbents is matched with the
MO removal % behaviour.

3.2.3. Effect of pH

The effect of dye solution pH on the adsorption pro-
cess was studied from 4 to 10 and presented in Fig. 8.
Adsorption potency of MO as an anionic dye on chitosan
is dependent on two factors, attractive force to the cat-
ionic charge of protonated amine groups and physical
adsorption via van derval force and hydrophobic-hydro-
phobic interaction of methylene groups in acetyl groups
and glucose ring. At pH 4.0, Cs/MeB displays the highest

adsorption efficiency with removing per cent around 95%
than Cs ~77%. Also, the cationic charges of Cs/MeB are
lower than that of chitosan, but increase the surface area
for adsorption via modification, as indicated in SEM photo
(Fig. 5b), through pores formation, which provides an addi-
tional internal pores surface area from one side, and increase
the outer surface area through new structures formed on
the surface, flacks flowers like, from the other side. Also, the
immobilization of the 4-methoxybenzyl molecules into the
chitosan structure enhances the hydrophobic-hydropho-
bic physical adsorption between the benzene rings and
the methyl hydrophobic groups. Linear decrement of the
MO removal % by chitosan has been noticed due to contin-
uous elimination of the cationic charge of chitosan amine
groups from one side and collapse of the chitosan hydrogel
structure with loss of its water content leading to reduce
the surface are from the other side. The dye removal %
declined linearly from 77% at pH 4 to about 3% at pH 10,
where only the hydrophobic-hydrophobic physical adsorp-
tion is the dominant mechanism. On the other hand, the dye
removal % by Cs/MeB was slightly affected by the increase
of pH were decreased from 95% at pH 4.0 to 86% at pH 9.0.
At the same time, a sharp decline of the dye removal % to
65% was observed at pH 10.0. This behaviour confirmed the
dominated hydrophobic-hydrophobic physical adsorption
between the benzene rings and the methyl hydrophobic
groups of the Cs/MeB adsorbent and the MO dye molecules
in a wide range of pH; from 4.0 to 9.0, while the elimina-
tion of the cationic charge of the last free amine groups at
pH 10.0 leads to the collapse of the Cs/MeB hydrogel struc-
ture with loss of its water content leading to reduce the
pores volume and so the internal pores surface area. The
high and almost constant MO removal % by Cs/MeB hydro-
gel in a wide pH range is a great advantage for its applica-
tion in the treatment of industrial effluents contaminated
with MO dye.

3.2.4. Effect of Agitation

Different agitation rate varying from 50-250 rmp was
applied to investigate its impact on the adsorption process
of MO dye by Cs and Cs/MeB adsorbents. Fig. 9 shows
two stages of MO dye removal behaviour for both adsor-
bents. The first stage observed between 50 and 150 rpm
where almost a linear increase of the MO dye removal per
cent from 35% to 69% for the chitosan adsorbent hydrogel
while the Cs/MeB adsorbent shows a higher increase of the
MO dye removal % from 25% to 86% within the same agi-
tation speed range. Then, starts the second stage of the MO
dye removal (%), with a much slower rate and approach-
ing near equilibrium, between 150 and 250 rpm, where the
chitosan adsorbent hydrogel removal % increases from
69% to 79% while the Cs/MeB adsorbent shows a similar
behaviour where an increase of the MO dye removal % from
86% to 97% within the same agitation speed range.

In the process of dye adsorption initially, dye molecules
have first to encounter the boundary layer effect, and then
it has to spread from boundary layer film onto an adsor-
bent surface, which may explain the first stage between
50 rpm and 150 rpm range. Then finally, it has to distrib-
ute into the porous structure of the adsorbent, which may
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Fig. 9. Effect of agitation rate on MO adsorption by Cs and Cs/
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explain the second stage between 150 and 250 rpm range
[32]. The obtained behaviour is different from our pre-
vious results where almost a linear increment of the MO
removal % was observed with the same agitation speed
range, which was caused by the higher concentration of GA
used in the crosslinking step in addition to the nature of
the formed Schiff base [34].

3.2.5. Effect of adsorbent dose

The impact of hydrogel dose on MO removal was
studied by changing the hydrogel content in the tested
cell dye solution from 0.025 to 0.2 g at the same adsorp-
tion parameters. Fig. 10 shows increasing in removing per
cent by the rise in the adsorbent dose that can be explained
by the presence of extra active sites for dye adsorption
[38,39]. It was also recognized that after a specific amount,
the adsorption of the dye remains constant with a more
addition in hydrogels, which indicated that the adsorption
equilibrium reaches between adsorbent and adsorbate.
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Fig. 10. Effect of adsorbent dose on MO adsorption by Cs and
Cs/MeB hydrogels.
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Fig. 11. Effect of MO concentration on adsorption percentages
by Cs and Cs/MeB hydrogels.

3.2.6. Effect of Methyl orange concentration

Fig. 11 shows the effect of initial MO concentration on
the removing %. The removal percentage linearly reduced
with an increase in initial MO concentration. This trend is
due to the electrostatic repulsion between the dye molecules
with increasing concentration that results in a competition
between the dye molecules for the limited active sites in
the adsorbent. A similar effect was observed with the other
anionic dyes [39,40]. The obtained results are in accordance
with the previously published result by the authors using
chitosan derivate Schiff bases obtained from the coupling
of chitosan with 1-vinyl 2-pyrrolidone and 4-amino acetani-
lide [34]. The maximum adsorption capacity for the chitosan
and Cs/MeB at 20 ppm was found at 5.54 and 7.73 mg/g.

4. Conclusion

Novel crosslinked chitosan Schiff base derivate was
developed by the coupling of chitosan with 4-methoxy-
benzaldehyde to have chitosan Schiff base (Cs/MeB) for the
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adsorption of anionic reactive dye (Methyl orange) from
aqueous solutions. The results showed a very fast adsorption
rate of the MO by the chitosan Schiff base derivate, where
the equilibrium was attained after only 45 min compared
with 120 min for chitosan. Variation of the initial dye con-
centration reduced the removal percentage at a linear mode
using fixed adsorbent dosage. Within the studied range of
MO concentration, the developed chitosan Schiff base hydro-
gel shows a constant adsorption ability over wide ranges of
temperature (40°C-80°C) and pH (4.0-9.0) for the Cs/MeB
Schiff base of the wastewater. The obtained behaviour nom-
inates the developed chitosan Schiff base hydrogel to work
under a wide range of operational conditions.
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