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a b s t r a c t
The impact of synthetic dyes from wastewaters decreases using various methods developed to 
remove these dyes via a clean and safe process. The current work aimed to modify the chitosan 
structure as a linear cationic polymer to improve its behaviour via preparing two different cross-
linked chitosan Schiff bases hydrogels using a glutaraldehyde crosslinker. The chitosan was coupled 
with succinimide (Ch/Su) and 1-methyl-2-pyrrolidinone (Ch/Mp). The Schiff bases hydrogels prop-
erties such as water uptakes and ion exchange capacity were examined. Fourier transform infrared 
spectroscopy (FT-IR), scanning electron microscopy (SEM), and thermal analysis (DSC and TGA) 
were used to investigate the change in their properties. The adsorption of methyl orange (MO) dye 
from aqueous solutions by the prepared crosslinked chitosan Schiff bases (Ch/Su) and (Ch/Mp) 
was carried in dynamic batch mode compared to crosslinked chitosan native (Ch). The effect of 
contact time, initial dye concentration, temperature, system pH, agitation rate, dye concentration, 
and adsorbent dosage on the MO adsorption was investigated. A rapid MO adsorption process for 
chitosan derivatives was observed, and the equilibrium reached after only 40 min while the chitosan 
adsorbent reached equilibrium after 120 min. Typical steady high MO adsorption (%), around 90%, 
was observed at a wide pH range of the chitosan Schiff bases adsorbents; from 4.0 to 8.0 of Ch/Su 
and from 4.0 to 9.0 of Ch/Mp adsorbents. The maximum adsorption capacity for the chitosan, Ch/Su 
and Ch/Mp, at 20ppm MO, was found 8.867, 10.0, and 7.2 mg/g, respectively. Furthermore, statistical 
analyses of the impact of the adsorption conditions on the MO dye removal (%) were performed.

Keywords: Chitosan; Schiff base; Hydrogel; Anionic dye; Methyl Orange.

1. Introduction

The accelerated growth of world populations raises 
the need for regenerative water resources. The progress 
for many industries, especially the textile ones, depends 

mainly on consuming large amounts of water and coloured 
wastewater resulted at the end, which proposed the reuse 
of wastewater as a logical solution to respond to the con-
tinuous water demands. The resulted wastewater from tex-
tile industries mainly has low transparency and is coloured 
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caused by very few amounts of dyes [1,2]. It is estimated 
that 10–15% of the dye is lost in the effluent during the dye-
ing process [3–5]. The anionic dyes contribute to the dying 
processes due to their ability to dye many materials [6–8]. 
Depending on the materials dying capability, from 10 to 50% 
of the anionic dyes are released in the wastewaters during 
the dyeing process [9]. The weak biodegradability of most 
of the dyes, including the anionic ones, comes mainly from 
their aromatic moieties and results in an induced serious 
hazard to aquatic living organisms [10,11]. Selection of 
the suitable dyes removal technique from a wide range of 
removal techniques, many factors have to be considered 
such as the dye environmental impact and hazardous, cost 
of removal, and the annual released amount. Adsorption 
shows many advantages nominate it in many cases as one of 
the best choices [12,13]. Chitosan, among other biosorbents, 
was investigated as an adsorbent for transition metal ions, 
organic species as well as coloured material studies [14–19]. 
They have different functional groups like amino (NH2) and 
hydroxyl (OH) groups along their backbone induced simple 
chemical transformation and modifications [20–23]. Among 
these modifications, Schiff bases obtained by reaction of free 
amino groups of chitosan with active carbonyl compounds 
such as aldehyde or ketone are considered the most acces-
sible transformation [24,25]. The obtained (–RC=N–) groups 
of these Schiff bases offer several potential analytical and 
environmental applications by enhancing the adsorption/
complexation properties [26,27]. Eco-friendly chitosan 
Schiff base hydrogel derivatives were synthesized in this 
research via coupling with succinimide (Ch/Su) and 1-meth-
yl-2-pyrrolidinone (Ch/Mp). The hydrogels’ structure was 
examined and characterized by infrared spectroscopy 
(FTIR), scanning electron microscopy (SEM), thermal grav-
imetric analysis (TGA), and differential scanning calorime-
try (DSC). The methyl orange, which was tested, differently 
protonates based on the pH medium, which changed its 
behaviour and made it challenging to remove effluent. The 
MO removal by the developed chitosan Schiff bases hydro-
gels compared to native chitosan was studied via a batch 
adsorption system under different operational conditions. 
Furthermore, statistical analyses of the impact of the adsorp-
tion conditions on the MO dye removal (%) were performed.

2. Materials and methods

2.1. Materials

Chitosan (molecular weight: 100,000–300,000) was 
obtained from ACROS Organics™ (USA). Acetic acid (99.8%), 
hydrochloric acid (37%); pKa of methyl orange is 3.47 in water 
at 25°C, succinimide and 1-Methyl-2-pyrrolidinone were all 
purchased from Sigma-Aldrich (Germany). Sulfuric acid 98 
%, sodium hydroxide, and phenolphthalein were purchased 
from El-Nasr Pharmaceutical Co for Chemicals (Egypt).

2.2. Methods

2.2.1. Preparation of N-functionalized chitosan schiff base

N-functionalized chitosan Schiff bases were performed 
based on the method in the literature [28]. In detail, (1 g) of 
the chitosan was dissolved in 50 mL acetic acid solution (2%) 

at ambient temperature overnight. First, filtration of chi-
tosan solution was carried out using cheesecloth to remove 
undissolved chitosan. Then a 10  mL of absolute ethanol 
was added carefully to the chitosan solution, with contin-
uous stirring to have a homogenous solution. Next, 31 mM 
of succinimide or 1-Methyl-2-pyrrolidinone previously dis-
solved 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% glutaraldehyde was added to the solu-
tion with continuous stirring at 70°C for an additional 1 h. 
The obtained hydrogels were then cut into small pieces and 
washed several times with ethanol to remove any un-reacted 
succinimide or 1-methyl-2-pyrrolidinone, then collected 
by filtration and finally dried at 60°C under vacuum dry-
ing pressure of 65 mbar. The dried hydrogel was grinding 
well, and particles size between 125–250 µm was collected 
using gradual mechanical sieving. Two different hydrogels 
were prepared using succinimide or 1-methyl-2-pyrro-
lidinone coded as (Ch/Su) and (Ch/Mp). Both Schiff bases 
were characterized and evaluated comparing to chitosan 
hydrogel (Ch). The unmodified chitosan hydrogel was pre-
pared 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 µm was collected using gradual mechan-
ical sieving for further use in the MO adsorption process.

2.2.2. Swelling experiments

The swelling behaviour of the prepared hydrogel was 
investigated using distilled water. Accurately weighed 
amounts of hydrogels were immersed in water and allowed 
to swell for 24  h at 37°C. The swollen hydrogel was then 
separated, and the moisture adhered to the surface of 
hydrogel was removed by blotting them gently in between 
two filter papers, immediately followed by weighing. The 
swelling degree of samples was determined according to 
the following formula [29]:
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where Mt is the weight of the swollen hydrogel and M0 is the 
initial dry weight.

2.2.3. 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 H2SO4 solution, 
and the mixture was kept under shaking for three h. Then, 
the mixture was filtered, and an aliquot was titrated against a 
standard sodium hydroxide solution. Similarly, control titra-
tion without the addition of chitosan was also run. From the 
difference in the volume of NaOH required for neutraliza-
tion, the ionic capacity of chitosan samples was calculated 
using the following equation:

Ion exchange capacity
 

(meq/g) =
−( )V V A
W

2 1 	 (2)
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where V2 and V1 are the volumes of NaOH required for com-
plete neutralization of H2SO4 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 [30].

2.2.4. Infrared spectrophotometric

To confirm modification and prove the hydrogel struc-
ture, Translucent KBr-discs were prepared by grinding the 
dried sample materials together with infrared grade KBr 
and then pressing. FT-IR spectra in the transmittance mode 
were recorded using FT-IR spectrometer (Shimadzu FTIR-
8400 S, Japan), connected to a PC, and analysis the data by 
IR Solution software, Version 1.21. The FTIR spectrums were 
obtained by recording 64 scans between 4,000–400 cm−1 with 
a resolution of 2 cm−1.

2.2.5. Thermal gravimetric analysis (TGA)

Analysis by TGA of samples was carried out using a ther-
mogravimetric analyzer (Shimadzu TGA-50, Japan) under 
Nitrogen to evidence changes in structure due to the modifi-
cation. Samples were first measured their weight loss starting 
from room temperature to 600°C at a heating rate of 10°C/min.

2.2.6. Differential scanning calorimeter (DSC)

Differential scanning calorimetric analysis of gelatin 
and gelatin 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 –500°C at a heating rate of 10°C/min under 
nitrogen flow (30 mL/min).

2.2.7. Scanning electron microscopic analysis (SEM)

Samples were coated under a vacuum with a thin layer 
of gold before being examined by scanning electron micros-
copy. Morphological changes of the sample’s surface were 
followed using a secondary electron detector of SEM under 
10 kV and x5000 magnification (Joel JSM 6360LA), Japan.

2.2.8. 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 concentra-
tions were obtained by dilution. All the adsorption experi-
ments were conducted in 100 mL flasks by adding 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 aqueous solutions were measured by 
using UV-Vis spectrophotometer at 465 nm. The amount of 
dye adsorbed was calculated from the difference between the 
initial concentration and the equilibrium one. The values of 
percentage removal and the amount of dye adsorbed were 
calculated using the following relationships:

Dye removal %( ) ( )
=

−
×

C C
C

e0

0

100 	 (3)

where C0 is the initial dye concentration and Ce is the final dye 
concentration in supernatant.

2.3. Statistical analyses

Statistical analyses of the impact of the adsorption 
conditions on the MO dye removal (%) were performed. 
The analyses were done by one-way analysis of variance 
(ANOVA) using the CoStat software, and the significant 
differences were determined according to the least sig-
nificant difference (LSD). p  ≤  0.05 level of probability. The 
black color letters indicated the significant differentiation 
between the individual values of the same treatment (Ch or 
Ch/Su or Ch/Mp) while, the red color letters indicated the 
significant differentiation among the three treatments.

3. Results and discussions

In the current research, a new chitosan Schiff base hydro-
gel was prepared via coupling chitosan amine groups with 
Succinimide or 1-Methyl-2-pyrrolidinone followed by cross-
linking with glutaraldehyde (Fig. 1). The prepared hydro-
gel was characterized using different characterization tools. 
The obtained hydrogel was evaluated as a dye removal 
material using methyl orange as a model for anionic dye.

3.1. Physicochemical characterization

Adsorbent surface charges play an essential role in 
the formulation of the surface-active site for the adsorp-
tion of charged dye. Chitosan function groups such as 
amine groups originated their cationic nature and its pos-
itive charges. Fig. 2 displays the ion exchange capacity of 
chitosan and its derivatives hydrogels. Decreasing ion 
exchange capacity from 4.63 of chitosan to 2.74 and 3.58 
for (Ch/Su) and (Ch/Mp) respectively confirm consuming 
chitosan amine groups via coupling with Succinimide and 
1 methyl-2 pyrrolidinone. Fig. 2 also shows the decrement 
of water uptake (%) of the modified chitosan hydrogel 
than chitosan itself due to the elimination of free amine 
groups via reaction with carbonyl groups of the succinim-
ide and 1 methyl-2 pyrrolidinone.

3.2. Infrared spectrophotometric (FT-IR)

The FTIR spectra of the chitosan hydrogels are pre-
sented in Fig. 3. In the spectrum of chitosan, the broad-
band at 3,435  cm−1 is due to –OH and –NH stretching 
vibration. 1,627 and 1,587  cm−1 bands belong to –NH2 
bending. The bands at around 1,635 cm−1 represented C=N 
of glutaraldehyde. The shift of this band and the presence 
of multi-bands in (Ch/Su) and (Ch/Mp) refer to C=N with 
succinimide or 1-methyl-2-pyrrolidinone, respectively. 
The bands occurring at 1,369  cm−1 are referred to the C–
OH vibration of the primary alcohol groups in the chi-
tosan, and the band around 2,861  cm−1 is assigned to the 
C–H stretching motion in chitosan [31]. The absorption 
bands at 1,141  cm−1 attributed to the skeletal anti-sym-
metric stretching vibration of C–O–C Bridge and the 
1,014 cm−1 skeletal vibrations including the C–O stretching 
are characteristics of its Saccharide structure [32]. In the 
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Ch/Su Schiff base, overlapping the characteristic succin-
imide band at 1,001 cm−1 [33] with the 1,014 cm−1 skeletal 
vibrations, including the C–O stretching characteristics 
of Saccharide structure [32], leads to the appearance of 
the shifted band at 1,020  cm−1. The more intense band at 
1,370 cm−1 resulted from the overlapping of the character-
istic succinimide band at 1,370  cm−1 [33], with the bands 
occurring at 1,369 cm−1 referred to the C–OH vibration of 
the primary alcohol groups in the Chitosan [28]. The over-
lapping of the chitosan band around 2,861  cm−1 assigned 
to the C–H stretching motion with the characteristic suc-
cinimide band at 2,802  cm−1 [33] leads to sharpening of 
the band. The Ch/Mp Schiff base spectrum [34] shows two 
characteristics bands of the immobilized 1-methyl-2-pyr-
rolidinone molecules at 1,300 and 1,700  cm−1. Moreover, 
the overlapping of the band around 2,861 cm−1 is assigned 
to the C-H stretching motion in chitosan [31] with multi-
ple characteristic bands of the immobilized 1-methyl-2-
pyrrolidinone molecules at 2,850–2,980  cm−1, leads to the 
appearance of a new band at 3,200 cm−1.

3.3. Thermal gravimetric analysis (TGA)

The thermal stabilities of the crosslinked chitosan 
and its Schiff bases derivatives were tested using thermal 

gravimetric analysis. Chitosan hydrogels exhibited three 
degradation behaviours in Fig. 4. The 1st weight loss around 
100°C that attributed to the elevation of piping water con-
tent trapped using hydrophilic groups along the polymer 

Fig. 1. Schematic preparation of Chitosan, Ch/Su and Ch/Mp Schiff bases hydrogels.

Fig. 2. Water uptake (%) and ion exchange capacity of 
Chitosan, Ch/Su and Ch/Mp Schiff bases hydrogels.
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backbone (i.e., –OH and –NH2). Chitosan and its Schiff bases 
derivatives demonstrate lower water content than its Schiff 
base hydrogels with 11.41%, 7.8% and 14.1% for CH, Ch/
Su and Ch/Mp Schiff bases, respectively at 150°C. That can 
be explained by the higher possibility of the Ch/Su Schiff 
base crosslinking and the pseudo hydrophilic nature of 
the Ch/Mp Schiff base [35]. The 2nd weight depression was 
recognized at 220°C–320°C. That refers to distractive deg-
radation of the chitosan glucose ring [36]. Finally, the loss 
of 50% of tested samples at 385.88°C, 388.5°C and 356°C for 
CH, Ch/Su and Ch/Mp Schiff bases, respectively, indicate 
the non-significant effect of Ch/Su Schiff base formation 
on the thermal stability of the hydrogel. That observation 
could be attributed to keeping the formed Ch/Su Schiff 
base with the same number of amine groups as native chi-
tosan (Fig. 1), which is mainly responsible for the thermal 
stability of chitosan and the formed Ch/Su Schiff base, 
keeping in mind the dependence of the glutaraldehyde 
crosslinking step on the number of the amine groups.

On the other hand, the Ch/Mp Schiff bases show less 
thermal stability with lower 30°C than chitosan and Ch/Su 
Schiff base to lose 50% of their weight. The consumption of 

the amine groups during the Ch/Mp Schiff base formation 
consequently reduced the crosslinking degree with glutar-
aldehyde and, accordingly, the thermal stability. The 3rd deg-
radation stage at a higher temperature has resulted from the 
degradation of the formed residue in the previous step [36].

3.4. Differential scanning calorimetry (DSC)

Fig. 5 depicts the DSC curves for Chitosan, Ch/Su, and 
Ch/Mp hydrogel. In all these curves, an endothermic peak 
around 75°C can be described by the illumination of mois-
ture associated with the hydrophilic groups of the hydro-
gels [37,38]. The second thermal shift may be associated 
with the destruction of amine in glucosamine units with 
correspondent exothermic from 220°C–320°C [39].

3.5. Scanning electron microscope (SEM)

The morphological structure of chitosan, (Ch/Su) and 
(Ch/Mp) hydrogels were investigated using a scanning 
electron microscope and presented in Fig. 6. Relative to 
the chitosan surface morphology, the Ch/Su surface shows 
a porous surface structure, while new fibres structures 
have more noticeable Ch/Mp surface morphology changes. 
That can be illustrated by the appearance of the incompat-
ible side chain. These chains increase the spacing between 
polymer chains. In addition, replacing hydrophilic amine 
groups with hydrophobic aromatic groups can distort the 
crystal structure of polymer [40].

3.6. Adsorption process

In this work, we investigated the sorption behaviour of 
chitosan and its Schiff base hydrogels which give the max-
imum removal per cent and its applicability to artificially 
contaminated water with methyl orange (MO) solution. 
A batch experiment will be 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 and, adsorbent dosage.

3.7. Effect of time

Fig. 7 displays the effect of variation of adsorption time 
of the adsorption process of MO on chitosan and its deriva-
tives. Increased contact time demonstrates a rapid increase 
in the adsorption process until 40 min and then going to the 
equilibrium phase for chitosan derivatives while chitosan 
slowly reaches equilibrium phase after 120  min. This phe-
nomenon can be referred to as an increase in the adsorption 
capacity of chitosan by Schiff base formation. Although the 
cationic charge of chitosan was partially consumed due to 
Schiff bases formation, it is expected to have lower adsorp-
tion capacity. The click grafting of 1 methyl-2 pyrrolidi-
none with hydrophobic methyl groups onto the chitosan 
backbone increases the surface roughness. It offers a higher 
surface area for the hydrophobic-hydrophobic interac-
tion, which added physical adsorption to the chemical one 
and having a positive synergetic impact on the adsorption 
rate at the early adsorption stage.

Fig. 3. FT-IR of Chitosan, Ch/Su and Ch/Mp Schiff bases 
hydrogels.

Fig. 4. TGA of Chitosan, Ch/Su and Ch/Mp Schiff bases 
hydrogels.



S. Aboulhadeed et al. / Desalination and Water Treatment 244 (2021) 279–290284

On the other hand, the click grafting of succinimide 
does not reduce the number of the free amine groups which 
replaced the original C2 amine groups with remote ones 
which are more accessible to the MO dye molecules in the 
solution and accordingly have the highest adsorption rate 
in the early adsorption process stage where 97% of MO 
dye removed after only 40 min. Despite the chitosan Schiff 
bases adsorbents formed via converting their primary amino 
groups to tertiary ones, the Schiff base nitrogen in the cre-
ated structures is still capable of protonation. However, 
protonated Schiff bases were compromised by the grafted 
hydrophobic groups’ effect in the chitosan-1-methyl-2 pyrro-
lidinone Schiff base and the steric hindrance in the case of 
chitosan-succinimide Schiff base.

3.8. Effect of temperature

The effect of environmental temperature on the adsorp-
tion process of MO on tested hydrogels was measured from 
25 to 80°C and presented in Fig. 8. There is a significant 
increase of dye adsorption on chitosan hydrogel by increased 
temperature, where it was slightly influenced in Schiff base 
derivatives that can be explained by the presence of highly 
active adsorption sites compared to dye molecules in the 
tested solution [41,42].

3.9. Effect of agitation

The effect of the agitation rate on the adsorption process 
was investigated at various agitation rates (50–250  rpm). 
Fig. 9 shows an increase in adsorption capacity of chitosan 
and its hydrogel derivatives by increase agitation rate 
until 150 rpm. Further increase in agitation shows a slight 
improvement of MO adsorption. Increase the agitation rate 
simplified diffusion of MO molecules to the adsorbent sur-
face. Thus increasing the stir rate will eliminate the thick-
ness of the liquid layer and the mass-transfer resistance 
for the adsorbent samples. Therefore, these also mean that 
150 rpm is sufficient to ensure that all the surface binding 
sites are readily available for methyl orange uptake [43,44].

3.10. Effect of pH

The pH is estimated as a critical parameter in adsorp-
tion investigations as it controls the adsorption process at 
the adsorbent solution interface. It influences both the active 
adsorbent sites and the dye molecules charges. Experiments 

Fig. 5. DSC of Chitosan, Ch/Su and Ch/Mp Schiff bases 
hydrogels.

Fig. 7. Effect of the adsorption’ time on the removing percent (%) 
of MO using Chitosan, Ch/Su and Ch/Mp Schiff bases hydro-
gels; [25 mL of 10 ppm MO, pH 4.0, 0.2 g adsorbent, temperature 
60°C, 250 rpm].

Fig. 6. SEM pictures of Chitosan, Ch/Su and Ch/Mp Schiff bases hydrogels.
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were carried out at varying the solution pH from 4 to 10 
while the rest were kept constant. The maximum removal 
of MO dye on chitosan hydrogels was observed at pH 4.0, 
as illustrated in Fig. 10. That can explain by the cationic 
nature of chitosan at acidic pH. That generates a favourite 
positive active side for anionic dye (i.e., MO). With fur-
ther increase of the medium pH beyond pH 4.0, different 
behaviours’ observed for the chitosan and chitosan Schiff 
base adsorbents. For chitosan adsorbent, a linear decre-
ment of the MO dye removal percentage was observed due 
to the continuous deprotonation of the amine groups and 
consequently the water content and the available number of 
positive adsorption sites.

On the other hand, chitosan Schiff base derivatives 
demonstrate different behaviours, showing steady MO 

dye removal (%) in the neutral and slightly alkaline envi-
ronment to pH 8.0 of Ch/Su and pH 9.0 of Ch/Mp Schiff 
bases hydrogels. A sharp decline of the MO removal (%) 
of Ch/Su Schiff bases hydrogel was observed from 92.7% 
at pH 8.0 to 17% and 10% at pH 9.0 and pH 10.0, respec-
tively. While a sharp decline of the MO removal (%) 
Ch/Mp Schiff bases hydrogel was observed from 90.84% 
at typical to 21% at pH 10.0. The joint steady adsorp-
tion pH range from 6.0 to 8.0 of the Chitosan Schiff bases 
adsorbents can be explained by two reasons. The first is 
the reduced number of the free amine groups’ numbers 
affected by the deprotonation. The second is to increase the 
physical adsorption role of the chitosan Schiff bases adsor-
bents via hydrophobic-hydrophobic interaction, which is 
expected to be higher in the Ch/Mp Schiff base hydrogel 
containing heterocyclic ring with an attached methyl group.

3.11. Effect of absorbent dose

The influence of adsorbent dose on MO removal was 
studied by changing the adsorbent amount from 0.025 
to 0.2 g. The observed trend due to variation in chitosan 
and its Schiff base derivatives hydrogels dose is repre-
sented in Fig. 11. The adsorption rate increased with the 
rise in adsorbent dose due to additional active sites being 
available for dye adsorption [45,46]. However, it was also 
observed that after particular addition of dose, the adsorp-
tion of the dye remains constant with a further addition 
in adsorbent dose, which implied that the MO concen-
tration gradient between the liquid phase (MO solution) 
and the solid phase (adsorbent) almost disappeared and 
consequently the driving force to move the MO molecules 
towards the adsorbent surface lost.

3.12. Effect of MO concentration

Fig. 12 shows the effect of initial MO concentration on 
the removing per cent (%). Three general observations have 

Fig. 8. Effect of the adsorption’ temperature on the removing 
percent (%) of MO using Chitosan, Ch/Su and Ch/Mp Schiff 
bases hydrogels; [25 mL of 10 ppm MO, pH 4.0, 0.2 g adsorbent, 
time 120 min, 250 rpm].

Fig. 10. Effect of the solution pH on the removing percent (%) of 
MO using Chitosan, Ch/Su and Ch/Mp Schiff bases hydrogels; 
[25 mL of 10 ppm MO, 250 rpm, 0.2 g adsorbent, time 120 min, 
temperature 60°C].

Fig. 9. Effect of agitation rate on the removing percent (%) of 
MO using Chitosan, Ch/Su and Ch/Mp Schiff bases hydrogels; 
[25 mL of 10 ppm MO, pH 4.0, 0.2 g adsorbent, time 120 min, 
temperature 60°C].
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been recognized. The first observation concerns the close 
removal percentages of all adsorbents at MO 5ppm. The 
second observation concerns the decline behaviour of the 
removal percentage with an increase of the initial MO con-
centrations. The third observation is the order of the adsor-
bents based on their removal percentage behaviour as follow; 
Ch/Su, Ch and Ch/Mp, respectively.

In chitosan adsorbent, the removal percentage lin-
early reduced at an almost average rate of 11%, from 
5 to 20 ppm. This trend is due to the consumption of the 
limited number of protonated amine groups’ active sites 
in the interaction with the negatively charged MO mole-
cules. With further increase of the MO concentration, an 
electrostatic repulsion between the adsorbed MO mole-
cules over the chitosan surface and the left ones in the solu-
tion phase. A similar effect was observed with the other 
anionic dyes [6,22,46,47]. Different behaviour of the chi-
tosan derivate Schiff bases was obtained where two MO 
removal percentage stages have been recognized. In the 
first stage, from 5ppm to 10  ppm, the Ch/Su and Ch/Mp 
lost 4% and 8.5% of their removal percentages. From 10 to 
15 ppm, the second stage lost 15% and 18% of its adsorp-
tion removal percentages. While from 15 to 20  ppm, the 
Ch/Su and Ch/Mp lost 12% and 10%. In the case of the Ch/
Su adsorbent, although the Schiff base formation does not 
affect the number of the amine groups according to Fig. 1, 
it has a higher MO removal percentage than chitosan. This 
behaviour may be referred to as the contribution of the 
hydrophobic-hydrophobic interaction and more offered 
pores internal surface area due to the incorporation of the 
remote amide groups of the formed Schiff base in the cross-
linking process glutaraldehyde. On the other hand, the Ch/
Mp adsorbent has the lowest adsorption capability, which 
shows a lower removal percentage than the chitosan adsor-
bent. The interaction of the MO molecules with the left 
free amine groups has a prominent contribution role in the 
removal process. It is worthy of mentioning here that the 
Ch/Mp adsorbent has an 8.3% Mo removal percentage less 

relative to the chitosan adsorbent at MO 5ppm. Assuming 
that the removal mechanism is referred only to the inter-
action between the protonated amine groups and the MO 
molecules, the Ch/Mp adsorbent should have a 33.2% MO 
removal percentage less relative to the chitosan adsor-
bent at MO 20ppm. The Ch/Mp adsorbent has only18.8% 
Mo removal percentage less than the chitosan adsorbent 
at MO 20ppm. This finding implies the additional contri-
bution of hydrophobic-hydrophobic interaction between 
the methyl and the pyrrolidinone attached groups and the 
aromatic rings and the methyl groups of the MO molecule.

The obtained results follow the previously published 
result by the authors using Chitosan derivate Schiff bases 
obtained from the coupling of chitosan with 1-vinyl 2- pyrro-
lidone and 4-amino acetanilide [48]. The maximum adsorp-
tion capacity for the Chitosan, Ch/Su and Ch/Mp, at 20 ppm 
MO, were compared with the literature and provided in 
Table 1 [48–52].

3.13. Statistical analysis

Statistical analyses of the impact of the adsorption con-
ditions on the MO dye removal (%) were performed and the 
obtained data presented in Table 2. For the adsorption time 
parameter, it was shown that the adsorption value for Ch 
treatment increased with time increasing where the high-
est adsorption value (87.28%) was exhibited at 180  min. 
On the other hand, the highest adsorption values (96.78% 
and 88.14%) were observed at 40 and 90 min for Ch/Su and 
Ch/MP, respectively (Table 2). After these two times, there 
is no significant changes were reported. Interestingly, at 
all adsorption times studied, the Ch/Su treatment showed 
the highest values followed by Ch/MP and Ch/Mp (Table 2).

For the adsorption temperature parameter, the adsorp-
tion value of both Ch and Ch/Mp treatments increased with 
time increasing reaching the highest value of 91.35% and 
92.20%, respectively, at 80°C (Table 2). Although the highest 
adsorption value of Ch/Su treatment (97.29%) was observed 

Fig. 11. Effect of adsorbent dose on the removing percent (%) 
of MO using Chitosan, Ch/Su and Ch/Mp Schiff bases hydro-
gels; [25 mL of 10 ppm MO, pH 4.0, time 120 min, temperature 
60°C, 250 rpm].

Fig. 12. Effect of the MO concentration on their removing percent 
(%) using Chitosan and Ch/Su, Ch/Mp Schiff bases hydrogels; 
[25 mL of MO, pH 4.0, 0.2 g adsorbent, time 120 min, temperature 
60°C, 250 rpm].
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at 80°C, there is no significant change was reported at 50°C, 
60°C and 70°C (p  ≤  0.05). Similar to the adsorption time 
parameter, Ch/Su treatment showed that highest values at 
all temperatures studied followed by Ch/MP except at 40°C 
and 50°C (Table 2).

For the adsorption pH parameter, both Ch and Ch/Su 
treatments exhibited the highest adsorption values (77.80% 
and 93.73%) at pH 4, respectively, then decreased gradually 
reaching the lowest values at pH 10 (Table 2). On the other 
hand, Ch/Mp treatment showed the highest adsorption 
value (91.53%) at pH 8 with no significant change at pH 9 
value (90.85%). At the first four pH degrees (4, 6, 7, and 8) 
the Ch/Su treatment showed the highest adsorption value 
followed by Ch/Mp and Ch treatments, while at pH 9 and 10 
the Ch/Mp treatment exhibited the highest adsorption values 
followed by Ch and Ch/Su treatments (Table 2).

For the agitation rpm parameter, it was observed that 
the rpm increases were associated with significant adsorp-
tion value increasing for all treatments. At 50  rpm, the Ch 
treatment showed the highest adsorption value followed by 
Ch/Su and Ch/Mp treatments (Table 2). After that, the Ch/
Su treatment exhibited the highest adsorption value followed 
by Ch/Mp and Ch at all studied rpm except at 100 rpm that 
showed a higher Ch adsorption value (Table 2).

For the adsorption dose parameter, it was showed that 
there is no significant change in adsorption values between 
0.075 and 0.2  g for Ch treatment, and between 0.1 and 
0.2  g for both Ch/Su and Ch/Mp treatments. Both 0.075 
and 0.2  g exhibited the highest adsorption value for Ch 
treatment. For Ch/Su treatment 0.075 showed the highest 
adsorption value while 0.2 g exhibited the highest adsorp-
tion value for Ch/Mp treatment (Table 2). At two adsorp-
tion doses (0.025 and 0.05 g) the Ch/Mp treatment showed 
significant adsorption values followed by Ch/Su and Ch 
treatments. By increasing adsorption dose, Ch/Su exhibited 
the greatest adsorption values at 0.075, 0.1 and 0.2 g com-
pared to the other two treatments at p ≤ 0.05 (Table 2).

For Mo concentration parameter, it was observed that 
the increasing Mo conc. Were associated with decreasing 
adsorption value for all treatments (Table 2). All individ-
ual values showed significant differences at all Mo con-
centrations. Among three treatments, the Ch/Su treat-
ment exhibited a significant adsorption value followed by 
Ch/Mp and Ch treatments at all concentrations.

4. Conclusion

Novel crosslinked chitosan Schiff base derivates were 
developed by coupling chitosan with succinimide and 
1-methyl-2-pyrrolidinone to have (Ch/Su) and (Ch/Mp) 
Schiff bases adsorbents for the removal of methyl orange, 
anionic dye, from aqueous solutions. The developed 
Ch/Su Schiff base adsorbent bearing terminal primary 
amine groups instead of the chitosan ones formed the 
Schiff base and acquired a porous structure. On the other 
hand, the developed Ch/Mp Schiff base adsorbent bearing 
terminal methyl-2-pyrrolidinone groups induced extra 
hydrophobicity. That explains the high-speed adsorption 
rate of the MO by the chitosan Schiff base derivates where 
the equilibrium attained after only 40 min compared with 
120  min for chitosan. The adsorbents have been ordered 
based on their removal percentage behaviour: Ch/Su, Ch 
and Ch/Mp, respectively. In the case of the Ch/Su adsor-
bent, although the Schiff base formation does not affect 
the number of the amine groups according to Fig. 1, it 
has a higher MO removal percentage than chitosan. This 
behaviour may be referred to as the contribution of the 
hydrophobic-hydrophobic interaction and more offered 
pores internal surface area due to the incorporation 
of the remote amide groups of the formed Schiff base 
in the crosslinking process glutaraldehyde.

On the other hand, the Ch/Mp adsorbent has the low-
est adsorption capability, which shows a lower removal 
percentage than the chitosan adsorbent. The interaction 
of the MO molecules with the left free amine groups has 
a prominent contribution role in the removal process. An 
additional contribution of hydrophobic-hydrophobic inter-
action between the methyl and the pyrrolidinone attached 
groups and the aromatic rings and the methyl groups of 
the MO molecule have been observed. Within the studied 
range of MO concentration, the developed chitosan Schiff 
bases hydrogels show a constant adsorption ability over 
wide ranges of temperature (40°C–80°C) and pH (4.0–8.0) 
for the Ch/Su Schiff base and pH (4.0–9.0) for the Ch/Mp 
Schiff base of the wastewater. The obtained behavior nomi-
nates the developed chitosan Schiff bases hydrogels to work 
under a wide range of operational pH and temperature con-
ditions. Furthermore, statistical analyses of the impact of 
the adsorption conditions on the MO dye removal (%) were 
performed.

Table 1
Adsorption capacities (AC; mg/g) of MO on different adsorbents

ReferencesAC (mg/g)Adsorbent 

481.20 and 10.70Chitosan Schiff bases (I & II)
4916.05Ferric oxide–biochar nano-composites  

derived from pulp and paper sludge
5011.21NiO NPs

5116.53Novel magnetic CNTs/Fe@C
5242.85Functionalized-CNTs loaded TiO2

This work8.87Chitosan
This work10.00Ch/Su Schiff base
This work7.20Ch/Mp Schiff base
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