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a b s t r a c t
A cross-linked chitosan-Schiff base (denoted as CCSB) was synthesized by the condensation of 
salicylaldehyde with chitosan followed by cross-linking with glutaraldehyde, the synthesized 
polymer was characterized by Fourier-transform infrared spectroscopy, scanning electron micros-
copy, and energy-dispersive X-ray spectroscopy techniques. The new polymer was tested as an 
adsorbent to remove the organic dye methyl orange (MO) from aqueous solutions. The effects 
of contact time (1–180 min), pH (2–10), and initial dye concentration (200–500 ppm) were stud-
ied. The experimental equilibrium data for the adsorption process were fitted to Langmuir, 
Freundlich, and Temkin isotherm models, the best fit was with Langmuir isotherm model, the 
correlation coefficient (R2) value for this isotherm was (0.9984), while for Freundlich, and Temkin 
isotherms the R2 values were 0.8631 and 0.9212 respectively. The experimental adsorption capac-
ity values were found to be 99.01–233.8 mg/g, and the dye removal percentage values were 
93.52%–99.01%. The results of the kinetic studies revealed that the adsorption of MO on CCSB 
is a pseudo-second-order process, with R2 value of 1, and the calculated adsorption capacity (qe) 
values for this model are very close to the obtained experimental results. The thermodynamic 
parameters indicated that the adsorption happens spontaneously as negative ΔG values were 
obtained, endothermic process with positive ΔH (9.317 kJ/mol) and positive ΔS (71.018 J/mol/K) 
which means that the disorder of molecules increases at the adsorbent-solution interface.
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1. Introduction

Contamination of water with organic pollutants dis-
charged by industries causes a negative impact on the 
aquatic ecosystem [1]. Organic dyes are used in a broad spec-
trum of industrial processes since they are used as coloring 
agents for textiles, cosmetics, and plastics [2]. The textile dyes 
are considered mutagenic, carcinogenic, and toxic agents 
[3]. Accordingly, the removal of such hazardous materials 
from wastewater by water treatment processes has become 
an interesting issue. Researchers have developed different 

strategies for wastewater treatment, the reported methodolo-
gies are based on the concepts of adsorption, reverse osmosis, 
ultrafiltration, oxidation, and ozonation [4–6]. The rela-
tive simplicity of implementation and cost-effectiveness 
of using adsorbents in water treatment technologies make 
adsorption is the favored and widely used method [7].

Various materials have been developed and investigated 
as organic dye adsorbents including active carbon [8], syn-
thetic polymers [9], natural polymers [10], and biological 
biomasses [11]. To enhance the efficiency of the adsorbents 
in dye removal processes, different structural modifications 
have been reported, such modifications aimed to increase 
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the surface area of the adsorbent as they affect the surface 
morphology, and provide it with a variety of pendant groups 
that interact with the target dyes and hence increase the 
adsorption capacity and improve the performance of the 
used materials [12–14]. Biopolymers are the materials of 
choice for different applications because they are eco-friendly, 
available, and have good mechanical properties [15–17].

Chitosan is a natural biopolymer with distinctive proper-
ties such as biocompatibility, biodegradability, and non-tox-
icity; accordingly, it has been reported as starting material 
in the development of new polymers for water treatment 
purposes [18]. The availability of free –NH2 groups in the 
structure of chitosan makes it liable for modification by 
reacting it with different organic molecules such as alde-
hydes that undergo a condensation reaction with the amino 
groups giving polymeric Schiff bases. In a recent study, a 
chitosan-Schiff base with heterocyclic moieties has been 
introduced as an adsorbent to remove methyl orange from 
aqueous solutions, the heterocyclic aldehyde was synthe-
sized by three steps, then it was used to modify the chitosan 
[19]. To develop a new adsorbent based on chitosan modi-
fication with a readily available aldehyde, in short, ener-
gy-saving and cost-efficient synthetic pathway, here we 
introduce a cross-linked chitosan-Schiff base synthesized 
by the reaction of chitosan with salicylaldehyde followed 
by cross-linking with glutaraldehyde, and we have tested 
this material as adsorbent to remove methyl orange from  
aqueous solutions.

2. Materials and methods

Chitosan (molecular formula: (C6H11NO4)n; degree of 
deacetylation: 75%; molecular weight: 3,800–20,000 Daltons) 
was obtained from HiMedia. All of the other used chemi-
cals were obtained from commercial sources and used as 
received.

2.1. Methods

2.1.1. Synthesis of cross-linked chitosan-Schiff base

The cross-linked chitosan-Schiff base (CCSB) was syn-
thesized according to a reported protocol with some mod-
ifications [20]. Chitosan (1.30 g) was dissolved in acetic 
acid (1%, 100 mL), solution of salicylaldehyde (1.0 mL) in 
ethanol (10 mL) was added slowly to the chitosan solution 
followed by stirring for 6 h at room temperature to get the 
chitosan-Schiff base (CSB). Glutaraldehyde (25.0%, 5.0 mL) 
was added in a dropwise manner with continuous stirring 
for 30 min. The product (CSB) was collected by filtration, 
washed thoroughly with acetone, and dried, Fig. 1 shows 
the synthesis steps.

2.2. Characterization

2.2.1. Fourier-transform infrared spectroscopy

The Fourier-transform infrared (FT-IR) spectra of the chi-
tosan, chitosan-Schiff base (CSB), and CCSB were recorded 
on FT-IR spectrophotometer (Tensor II, Bruker, Germany) 
and by KBr disc technique.

2.2.2. Scanning electron microscopy and energy-dispersive 
X-ray spectroscopy analysis

Scanning electron microscopy (SEM) and energy-dis-
persive X-ray spectroscopy (EDS) analysis were recorded on 
Quanta 450 FEI scanning electron microscope (voltage 30 kV, 
spot size 3 mm and magnification range 8,565–10,316 X 
with 5.0 µm scale bar) equipped with XFlash® 6-10 detector.

2.3. Adsorption studies

The adsorption experiments were conducted by shak-
ing suspensions of a fixed weight of CCS (0.1 g) in 50.0 mL 
of different concentrations of aqueous methyl orange (MO) 
solution, 5 mL portions were withdrawn, filtered and 
the absorbance was measured at 464 nm using the UV-Vis 
spectrophotometer (Shimadzu-1800, Japan) to determine 
the dye concentration. The adsorption capacity of CCSB 
(qe, amount of MO adsorbed in mg/weight of CCS in g) was 
determined according to Eq. (1) [21]:

q
C C V
We

e�
�� �0  (1)

where C0 and Ce are the initial and equilibrium MO concen-
tration (mg/L), respectively, V is the volume of MO solution 
(L) and W is the weight of CCSB (g). The time required for 
equilibrium was determined by running experiments at 
different time intervals, the time of the other experiments 
was set accordingly. The pH was adjusted by using 0.1 M 
solutions of HCl and NaOH. The thermodynamic param-
eters were studied by running adsorption experiments at 
different temperatures (298, 303, 308, and 313 K).

3. Results and discussion

3.1. Synthesis and characterization of CCSB

The CCSB has been synthesized via one-pot two steps 
synthesis, the first step involves the formation of the chi-
tosan-Schiff base (CSB) by the condensation of salicylal-
dehyde with chitosan [20]. The resulted polymer was then 
cross-linked by its treatment with glutaraldehyde.

Scheme 1. Synthesis of CCSB

To confirm the formation of the chitosan-Schiff base 
(CSB), a test experiment was performed without adding the 
cross-linker (glutaraldehyde), the product was precipitated 
by acetone and dried. The FT-IR spectrum was recorded for 
the product, Fig. 2 shows the FT-IR spectra of chitosan, CSB, 
and CCSB. The appearance of characteristic absorption at 
1,629.9 cm–1 indicates the formation of C=N by the conden-
sation of salicylaldehyde with chitosan to form the Schiff 
base, furthermore, the bands at 1,498.7 and 1,460.1 cm–1 
correspond to the phenyl ring were also observed in the 
spectrum which confirms the formation of CSB. The main 
characteristic absorption band can be observed in the 
spectrum of the CCSB is 1,645.3 cm–1 which is correspond-
ing to the C=N.
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3.2. SEM and EDS analysis

The morphology of the CCSB surface and its elemen-
tal composition were studied by using SEM and EDS tech-
niques, Fig. 3 shows the SEM micrographs and EDS spectra 
of chitosan and CCSB. The surface of the chitosan appears 
relatively smooth while the surface of CCSB appears rough 
and irregular with small visible randomly distributed 
pockets indicating that the structural modification and the 
cross-linking affect the smoothness of the surface. The con-
centrations of the elements (C, O and N) as weight percent-
age (wt.%) for both chitosan and CCSB were estimated by 

using EDS analysis, the significant increment in the wt.% of 
C reflects the addition of carbon atoms to the chitosan after 
its condensation with salicylaldehyde and cross-linking with 
glutaraldehyde.

3.3. Effect of contact time on MO adsorption

Studying the relationship between the contact time 
and removal efficiency gives information about how the 
adsorption process occurs, the time profile tells how rapid 
is the adsorption process and how long is the time required 

 
Fig. 1. Synthesis steps of CCSB.
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to reach the maximum removal efficiency, the point which 
indicates that the process has reached the equilibrium and 
no significant changes in the removal efficiency will be 

observed after that. Here, portions of a fixed weight of 
CCSB (0.1 g) were treated with two different concentrations 
of MO (50 mL, 100, and 150 ppm) the removal efficiency 

 
Fig. 2. FT-IR spectra of chitosan, CSB and CCSB.
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Fig. 3. SEM and EDS analysis for chitosan (a) and CCSB (b).
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was measured at different time intervals, Fig. 4 shows the 
obtained results. The adsorption of MO on CCSB takes 
40 min to reach the equilibrium point.

3.4. Effect of pH of medium on MO adsorption

The pH of the MO aqueous solution is an important 
variable that influences the adsorption process and affects 
the removal efficiency. A fixed weight of CCSB was used 
to treat MO solutions with fixed concentration and differ-
ent pH values (2–10). Fig. 5 illustrates the obtained results, 
the change of the pH values has no significant effect on the 
adsorption process, and very close removal efficiency val-
ues (R%) were recorded. This indicates that changing the 
pH does not make a significant change in the electrostatic 
properties of the CCSB surface and in this case, the mecha-
nism of adsorption of MO on CCSB mainly depends on the 

p-p interactions between the phenyl rings of the modified 
polymer (CCSB) and those of methyl orange molecules.

3.5. Effect of initial MO concentration

The effect of the dye concentration was studied, dif-
ferent MO concentrations (200, 250, 300, 350, 400, 450, and 
500 ppm) were treated with 0.10 g of the adsorbent. Slight 
gradual decrements in the removal percentage values accom-
panied by significant increments in the adsorption capacity 
values were observed with increasing the MO concentra-
tion, the minimum removal percentage (93.52%) and max-
imum removal capacity (233.8 mg/g) values were recorded 
for the highest concentration (500 ppm), Fig. 6. The inverse 
proportion between the initial dye concentration and the 
removal percentage is connected with the ratio of the num-
bers of the dye molecules at the initial concentrations to 
the adsorption centers on the adsorbents surface, at lower 
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initial dye concentrations the number of the free adsorp-
tion centers is relatively higher than in the case with higher 
dye concentration, so the removal percentage for the lower 
concentrations will be higher and vice versa.

3.6. Adsorption isotherms

To understand the nature of the adsorption of MO on 
CCSB, different isotherm models were implemented on the 
experimental equilibrium data. Langmuir [22], Freundlich 
[23], and Temkin [24] are represented in Figs. 7–9 respec-
tively, the calculated data are reported in Table 1. The highest 
correlation coefficient (R2) value was recorded for Langmuir 
isotherm (0.9984), this suggests that the adsorption of MO 
on CCSB obeys this isotherm.

According to Langmuir isotherm, it is assumed that the 
adsorbate molecules (MO in this case) form a monolayer on 
the homogeneous surface of the adsorbent (CCSB in this 
case). The linear form of Langmuir isotherm is expressed 
in Eq. (2):

C
q

C
Q Q b

e

e

e� �
0 0

1  (2)

where Ce is the equilibrium solution concentration (mg/L), 
qe is the weight of the adsorbed dye per unit weight of 
adsorbent (mg/g); Q0 is the maximum adsorption capac-
ity, and b is the Langmuir constants related to the rate of 
adsorption. Fig. 7 shows the Langmuir adsorption isotherm 
generated by plotting Ce/qe vs. C0, the Q0 and b were calcu-
lated from the numerical slope and intercept values. In this 
study, the calculated Q0 is 250 mg/g, and b is 0.417 L/mg. 
Another characteristic constant that can be calculated for 
Langmuir adsorption model is the separation constant 
RL, this dimensionless constant is also called the equilib-
rium constant that explain the degree of feasibility and 
favorability of the adsorption process, when (RL > 1) the 
adsorption is unfavorable; when (RL = 1) it is linear; when 

(0 < RL < 1) it is favorable; when (RL = 0) it is irreversible [24]. 
The RL is expressed by Eq. (3):

R
bCL � �
1

1 0

 (3)

where b is the Langmuir constant (L/mg) and C0 is the ini-
tial highest concentration of the dye (mg/L). Here, the sep-
aration factor was found to be 0.0053 indicating that the 
adsorption of MO on CCSB happens as a favorable process.

The obtained experimental data were also fitted to 
Freundlich isotherm which is expressed in Eq. (4):

log log logq K
n

Ce f e� �
1  (4)

where Kf and n are the Freundlich constants, Kf represents 
the adsorption capacity in mg/g and n represents the adsorp-
tion intensity on the heterogeneous surface, this model 
suggests that the adsorption process is not limited to the 
formation monolayer on the adsorbent surface. By plot-
ting logqe vs. logCe the Freundlich isotherm was obtained, 
Fig. 8, the K and n values were determined from the inter-
cept slope respectively.

Temkin isotherm was also studied, this model assumes 
that the adsorbent–adsorbate interactions make the heat of 
adsorption of all of the adsorbate molecules in the formed 
layer decreases with coverage in a linear manner. The linear 
form of Temkin isotherm model is represented in Eq. (5):

q B K B Ce t e� �ln ln  (5)

where B is constant which is associated with the heat of 
adsorption, and Kt is Temkin isotherm constant (L/mg). 
This model was obtained by plotting qe vs. lnCe, Fig. 9, the 
values of the constants were determined from the values of 
slope and intercept.
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Fig. 6. Effect of initial concentration on adsorption of MO on CCSB.
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3.7. Adsorption kinetics

To get further details about the adsorption efficiency, 
the kinetics of the process have been studied. The amount 
of MO adsorbed on the CCSB at different time intervals was 
determined according to equation 6. The obtained experi-
mental data were then applied on Lagergren pseudo-first-or-
der and Ho pseudo-second-order models according to 
Eqs. (7) and (8) respectively [25,26].

q
C C V
Wt

t�
�� �0  (6)

log log
.

q q q
k

te t e�� � � � 1

2 302
 (7)

t
q k q q

t
t e e

� �
1 1

2
2  (8)

where qe and qt is the amount of MO (mg/g) adsorbed on 
CCSB equilibrium and at time t respectively, V is the vol-
ume of the dye solution (L), W is the mass of CCSB (g), C0 
is the initial MO concentration and Ct is the concentrations 
of MO at time t, k1 (min−1) and k2 (mg/g min) are the pseu-
do-first-order and pseudo-second-order rate constants. 
Fig. 10 shows the plot of log(qe – qt) vs. t for the Lagergren 
pseudo-first-order model and Fig. 11 shows the plot of t/qt 
vs. t for the Ho pseudo-second-order model. Table 2 involves 

correlation coefficients (R2) the kinetic parameters calcu-
lated from the slope and intercept values for each model. 
The R2 values for the pseudo-first-order model were found 
to be 0.8186 and 0.7836 for the 100 and 150 ppm concentra-
tions respectively, in contrast for the pseudo-second-order 
model the R2 values were exactly 1 for both concentrations. 
Furthermore, the theoretical values of qe that obtained from 
the pseudo-second-order model are very close to the exper-
imental values (qe,exp) at the both tested initial dye concen-
trations. These results suggest that adsorption of MO on 
CCSB typically fits the pseudo-second-order model.

3.8. Adsorption thermodynamic parameters

The thermodynamic parameters for the adsorption pro-
cess, free energy (ΔG), enthalpy (ΔH), and entropy (ΔS) 
have been determined by Eqs. (9)–(11):

K
C
Cc
e

= Ae  (9)

lnK H
RT

S
Rc � � �

� �  (10)

� � �G H T S� �  (11)

where Kc is the equilibrium constant, CAe is the weight 
of MO adsorbed on CCSB per liter of the solution at 

Table 1
Parameters of the Langmuir, Freundlich and Temkin isotherm models

Langmuir isotherm Freundlich isotherm Temkin isotherm

Q0 (mg/g) B (L/mg) RL R2 Kf (mg/g)(L/mg)1/n n R2 Kt (L/mg) B R2

250.0 0.417 0.0053 0.9984 98.062 3.446 0.8631 6.129 47.603 0.9212

R² = 0.7836

R² = 0.8186
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Fig. 10. Lagergren first-order kinetic plot for the sorption of MO on CCSB.
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equilibrium (mg/L), Ce is the equilibrium concentration of the 
dye in the solution (mg/L), T is the absolute temperature (K), 
and R is the universal gas constant (8.314 J/mol K).

Fig. 12 represents the plot of lnKc vs. 1/T, the ΔS and 
ΔH values were calculated from the slope and intercept 
of the generated linear curve according to Eq. (10), then 
the ΔG values were determined from the obtained results 
according to Eq. (11). Table 3 illustrate the calculated 

thermodynamic parameters, the negative ΔG values indi-
cate that the adsorption of MO on CCSB happens sponta-
neously, and increasing these values with increasing the 
temperature shows that at a higher temperature the amount 
of MO adsorbed on CCSB increases. The positive ΔH value 
indicates that the process is endothermic and the positive 
ΔS value indicates increasing the disorder of molecules at 
the adsorbent-solution interface.
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Fig. 11. Second-order kinetic plot for the sorption of MO on CCSB.

Table 2
Kinetic parameters for pseudo-first-order and pseudo-second-order

C0 (ppm) qe,exp (mg/g)

Pseudo-first-order Pseudo-second-order

k1 (min–1) qe (mg/g) R2 k2 (mg/g min) qe (mg/g) R2

100 49.09 0.044 1.62 0.8186 0.154 49.02 1
150 74.13 0.047 2.37 0.7836 0.107 74.07 1

y = -1.1206x + 8.542
R² = 0.9788
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Fig. 12. Plot of lnKc vs. 1/T for MO adsorption on CCSB.
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3.9. Comparison of adsorption capacity of CCSB with 
other modified chitosan systems

In terms of adsorption capacity values, here we com-
pare CCSB with other reported chitosan based adsorbents. 
Table 4 shows the values of the maximum adsorption capac-
ity of CCSB for MO in comparison with other reported 
modified chitosan adsorbents for the same dye (MO). 
It is clear that CCSB has a much higher adsorption capac-
ity (233.80 mg/g) when compared with the highest reported 
chitosan system, 98.30 mg/g for the protonated cross-linked 
chitosan. In other words, CCSB removes much higher MO 
quantities from aqueous solutions than the other compared 
adsorbents when treated with the same amount of them.

4. Conclusions

A CCSB was readily synthesized by the condensa-
tion between chitosan and salicylaldehyde followed by 
cross-linking with glutaraldehyde, it was characterized using 
FT-IR and SEM analysis. The synthesized polymer was used 
as an efficient adsorbent for the removal of MO from aque-
ous solution with high removal percentage over pH range 
2–10. The adsorption capacity of CCSB for methyl orange 
be 233.8 mg/g which was much higher than other reported 
adsorbents with a similar structural backbone (chitosan). 
The adsorption data followed Langmuir isotherm model and 
the kinetic studies indicated that the adsorption process is 
pseudo-second-order. The thermodynamic studies showed 
a spontaneous, endothermic adsorption process.
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