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a b s t r a c t
The objective of this study is to compare the performances of chitosan/banana peel (CS/BP) 
biocomposite with chitosan (CS). CS, BP and CS/BP composite biomaterials were characterized by 
using Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and ther-
mal gravimetric analyses (TGA). Their specific adsorption characteristics were assessed by using a 
basic dye (Methylene Blue [MB]) as a model adsorbate. The influence of various experimental fac-
tors such as contact time, initial dye concentration, pH of dye solution, ionic strength and inorganic 
salts was investigated. The adsorption of MB from aqueous solutions was investigated using a CS/BP 
biocomposite and CS as adsorbents. The materials are capable of removing color from wastewater, 
their color removal capacity for CS is 81% and CS/banana peel biocomposite is 96% at normal pH and 
temperature conditions. The equilibrium times founded correspond to 150 min for CS and 100 min for 
CS/banana peel biocomposite. The kinetics of adsorption suggested a pseudo-second-order model fits 
better than pseudo-first-order model and the equilibrium isotherm fitted the Langmuir and Freundlich 
models. The results of this study will be useful for future scale-up using this composite biomaterial as 
a low-cost adsorbent for the removal of cationic dyes.
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1. Introduction

Many manufacturing industries such as textiles, paper, 
leather, plastics, pharmaceuticals, cosmetics, rubber, 
refineries, food and many other industrial fields use dyes to 
color their products and generate large amounts of colored 
effluents [1,2]. Dyes molecules are chemically stable and 

difficult to be naturally biodegradable [3]. Some dyes have 
toxic effects to humans due to their carcinogenic, mutagenic 
and teratogenic effects [1,4]. Methylene blue (MB) is one of 
the most commonly used substances in the textile indus-
try [5]. Although, MB is not strongly hazardous, it can 
cause some harmful effects, such as heartbeat increase, 
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vomiting, shock, cyanosis, jaundice, quadriplegia, and 
tissue necrosis in humans [6]. Several technologies have 
been widely employed for removal of hazardous dyes 
from industrial colored wastewater. These methods 
include chemical oxidation, microbiological degradation, 
coagulation-flocculation, micro and ultrafiltration, reverse 
osmosis, solvent extraction, evaporation, distillation, 
electrochemical treatment, photocatalytic degradation, 
adsorption, etc. [7–9]. The adsorption has been found to 
be superior as compared with other traditional treatment 
methods for wastewater treatment due to its low-cost, easy 
availability, simplicity of design, high efficiency, ease of 
operation, ability to treat dyes and eco-friendly technol-
ogy to remove organic dyes from polluted water as well 
as low secondary pollution features [10–12]. MB has been 
considered as a common cationic dye model in the adsorp-
tion studies owing to its planar form [3].

Chitosan (CS) is one of the world’s most plentiful and 
low-cost biopolymers that possess several properties which 
make it an ideal absorbent for removing pollutants from 
wastewater [13]. CS is the result of N-deactylation from 
chitin and has a chemical structure of linear chain consisting of 
β-(1,4)-linked 2-acetamino-2-deoxy-β-D-glucopyranose with 
2-amino-2-deoxy-β-D-glucopyranose [14]. Natural polysac-
charide chitosan, derivate of chitin by alkaline deacetylation, 
presents great interest as an organic component in the com-
posites developed for water treatment because CS contains 
high units of two functional groups, hydroxyl (–OH) and 
amino (–NH2), which are responsible for the reactivity of this 
polymer as an excellent natural adsorbent and give CS its 
powerful adsorptive capacity [15–17].

Chitin and CS are biopolymers which have excellent 
properties in biodegradability, biocompatibility, non-toxicity 
and absorption [18]. CS, because of its eco-friendly nature and 
macromolecular structure with different functional groups, 
has been found to possess many uniqueness properties 
that reason of recent attention in various fields, including 
biotechnology, water treatment, medicine, membranes, cos-
metics, and the food industry [19]. The application of CS 
as a biopolymer adsorbent is acceptable to having the two 
major advantages: first, inexpensive compared with com-
mercial adsorbents; second, strong chelating ability toward 
pollutants [20].

Banana is one of the most popular fruits and its cultivation 
is widespread in most tropical countries [21]. Banana peels have 
been used as food for livestock and as a biosorbent for heavy 
metals, dyes and for the removal of phenolic compounds [22–24].

Several studies have used CS and raw banana peel as 
adsorbent for removal of pollutants such as heavy metals, dyes 
and organic contaminants. CS has been proposed as valuable 
material for nanotechnology and biotechologie [19,25]. 

The objective of this study focuses mainly on the 
preparation, characterization of CS /banana peel biocomposite 
and the comparative evaluation of the properties of CS and 
CS/BP biocomposite. The effects of various analytical param-
eters on the adsorption of MB such as contact time, dye 
concentration, initial pH, ionic strength and inorganic salts 
were investigated. The kinetic experimental data were fitted 
to pseudo-first-order, pseudo-second-order and intraparticle 
diffusion models. The Langmuir and Freundlich isotherm 
equations were used to fit the equilibrium isotherm.

2. Materials and methods

2.1. Preparation of CS, BP and CS/BP biocomposite

2.1.1. Preparation of banana peels

Banana peels were collected from domestic wastes and 
washed thoroughly with distilled water to remove the sur-
face’s adhered particles and water-soluble materials. Then it 
was dried with the exposure to the sun light for 4–5 d. In 
order to eliminate humidity and facilitate crushing, the peels 
were heated in an oven at 105°C. The dried banana peel was 
ground and sieved to obtain a particle size ranging from 150 
to 250 μm and stored in dessictor for further use.

2.1.2. Synthesis of chitosan

Chitin was prepared from prawn shell waste by a 
chemical process involving deproteination, demineralization 
and decolorization. CS was prepared from chitin by 
deacetylation [25].

Prawn shells were removed manually, washed under 
running warm tap water to remove soluble organics, 
adherent proteins and other impurities and solar dried for 
48 h followed by oven drying at approximately 60°C for 1 h. 
Then, they were ground through a grinding mill.

Deproteination is done by a solution of sodium hydroxide 
2.5 N (NaOH, CAS: 1310-73-2, Mw = 40 g/mol, Biochem 
Chemopharma), then stirred for 6 h at a temperature of 75°C 
(1 g of prawn shells powder/20 ml NaOH). The samples were 
filtered and washed with distilled water until stabilized pH 
and dried in oven at 80°C for 2 h.

Calcium carbonate constitutes the main inorganic 
component of the shells. To remove the calcium carbon-
ate, only dilute hydrochloric acid was used to prevent 
hydrolysis of chitin [26]. The deproteinized mud shrimp 
shells were demineralized with hydrochloric acid (HCl, 
CAS: 7647-01-0, Mw = 36.46 g/mol, 37%, Sigma-Aldrich). 1 g 
of shrimp shell powder was dissolved in HCl of 1.7 N, and 
then stirred with a stirrer for 6 h at a room temperature (1 g 
of powder/15 ml of HCl). After filtered and washed using 
distilled water until neutral pH and dried in an oven at 80°C 
for 2 h [27].

Decolorization can be done by solution of 20% hydrogen 
peroxide (H2O2, CAS: 7722-84-1, Mw = 34.02 g/mol, 30%, 
Biochem Chemopharma) and HCl, after filtered and washed 
with distilled water and dried in oven at 50°C for 24 h.

Deacetylation is the process to convert chitin to CS by 
removal of acetyl group. Deacetylation performed 50% 
NaOH at 100°C for 2 h. After filtration and washing with 
distilled water to remove NaOH, the obtained product is 
dried at 50°C for 24 h.

2.1.3. Preparation of CS/BP biocomposite 

1 g of CS powder was dissolved in 1 mol/L acetic acid 
solution (100 ml) (C2H4O2, CAS: 64-19-7, Mw = 60.05 g/mol, 
99%, Sigma-Aldrich), and mixed with 1 g of Banana peel 
and stirred for 1 h at 20°C. Then CS /banana peel biocom-
posite was washed using distilled water and dried in an 
oven at 60°C for 24 h. After drying, it was ground and 
sieved [28].
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2.2. Characterization methods

The morphology, structure and properties of CS, BP and 
CS/BP biocomposite were determined by Fourier transform 
infrared spectroscopy (FTIR), scanning electron microscopy 
(SEM) and thermal gravimetric analyses (TGA).

FTIR was used to detect the functional groups present 
at the surface of the adsorbent. The spectra were recorded 
in the frequency range of 650–4,000 cm−1 using an FTIR 
spectrophotometer (FTIR-8400S SHIMADZU).

The microstructure of the adsorbent was observed using 
a scanning electron microscope (HITACHI S-2360 N).

Thermogravimetric analysis (TGA/DTG) allows for the 
continuous recording of the mass changes of a sample with 
linearly increasing temperature. The apparatus used was a 
2050 TGA V5.4A from TA Instruments. The thermal evolu-
tion of CS, BP and CS/BP biocomposite were followed by 
TGA from room temperature up to 1,000°C of CS, 600°C of 
BP and 1,000°C of CS/BP biocomposite. TGA/DTG curves 
were recorded with a 10°C/min heating rate under nitrogen 
atmosphere and an approximate mass of 20 mg.

2.3. Batch adsorption experiments

MB is usually discharged in high levels in industrial 
wastewater, specially textiles, papers and cosmetics indus-
tries. The complex structure of MB dye makes it very stable 
and difficult to degrade leading to many environmental prob-
lems. In this reason, MB was selected as a model dye because 
of its ability to be strongly adsorbed onto solid materials. 

Adsorption studies of Methylene blue (MB; molecular 
formula is C16H18ClN3S;C.I.No.52015; Mw = 319.85; Biochem 
Chemopharma) was performed using CS and CS/BP biocom-
posite as the adsorbents. 

The batch experiments were performed using a set of 
250 ml stoppered flasks (Erlenmeyer flasks) containing a known 
quantity of adsorbents (0.10 g) and a pre-defined volume 
(100 ml in each flask) of dye solution at a fixed initial concen-
tration (10 mg/L) with a constant pH of the solution. The flasks 
were then placed in a shaker at 250 rpm and a temperature of 
25°C. The samples were examined at specific time intervals, 
and the solutions were filtered at equilibrium using 0.45 μm 
filter paper to determine the equilibrium concentrations.

The initial and equilibrium concentrations were measured 
with a Shimadzu UV-1700 spectrophotometer at wavelengths 
of 665 for MB. 

The amount of dye adsorbed onto the adsorbent at equi-
librium, qe (mg/g), was calculated by the following expression:

q
C C V
We

i e=
−( ).

 
 (1)

where Ci and Ce are the initial and equilibrium concentrations in 
mg/L, respectively, W is the mass of the CS and CS/BP biocom-
posite expressed in g and V is the volume of the solution in L.

The dye removal efficiency (R) was calculated by the 
following equation: 
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The amount of adsorption at time t, qt (mg/g) was 
calculated by:

q
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(3)

where Ct (mg/L) is the liquid concentration of dye at any time 
and Ci (mg/L) is the initial concentration of the dye in solution, 
W is the mass of CS and CS/BP biocomposite expressed in g 
and V is the volume of the solution in L.

In order to evaluate the effect of parameters influencing 
the adsorption of MB, we studied the effect of a series of fac-
tors likely to intervene in the process of this phenomenon.

2.4. Kinetic models

In the present study, the adsorption kinetics of MB on CS 
and CS/BP biocomposite was modelled using three common 
models: the pseudo-first-order [29], pseudo-second-order 
[30], intraparticle diffusion [31] models.

Several equations can be used to express the equilibrium 
elimination of an adsorption process. In this investigation, 
the Langmuir and Freundlich isotherm functions were used 
to evaluate the elimination of the dyes from aqueous solution 
[32,33].

3. Results and discussion

3.1. Characterization of CS, BP and CS/BP biocomposite

3.1.1. IR spectroscopy

FTIR were used to examine functional group distributions 
in the CS, BP and CS/BP biocomposite, Fig. 1(a) shows the 
FTIR of CS, BP and CS/BP biocomposite before adsorption and 
Figs. 1(b)—(c) shows the FTIR of CS and CS/BP biocomposite 
after adsorption.

The main characteristic absorption peaks of CS at 3,435, 
2,879, 1,619,1,553, 1,375, 1,041 and 880 cm−1 were attributed 
respectively, to O–H and N–H symmetric stretching vibra-
tion, to C–H stretching vibration of the aliphatic, to N–H 
bending vibrations of primary amine group of CS, to N–H 
bending of secondary amine, to C–N stretching vibration, 
to C–O stretching vibration, and γ(C H) in the aromatic 
ring [26,34,35]. 

FTIR spectra of banana peel displayed a number of 
peaks pertaining to different functional groups. The broad 
absorption peak at 3,285 cm–1 corresponds to the O–H 
stretching vibration of alcohols, phenols and carboxylic 
acids as in pectin, cellulose, hemicellulose and lignin [36]. 
Thus, showing the presence of «free» hydroxyl groups on 
the adsorbent surface [23]. Bands appearing at 2,918, 1,735, 
1,600, 1,374, 1,028 and 868 cm−1 in Fig. 1 were assigned to C–H 
stretching vibrations (hemicelluloses and cellulose bonds), 
C=O stretching of carbonyl group (hemicellulose band), 
COO− anion stretching, OH bending, C–O stretching of ester 
or ether and N–H deformation of amines, respectively [37,38].

The spectrum of the CS/BP biocomposite (Fig. 1(a)) 
shows the combination of characteristic absorptions specific 
for both components (CS and BP). The broad absorption peak 
at 3,285 cm–1 corresponds to combination of characteristic 
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peaks of O–H and NH2. Bands appearing at 2,918, 1,735, 
1,600, 1,553,1,375 and 1,028 cm−1 in Fig.1 were assigned to 
C–H stretching vibrations of the aliphatic (hemicelluloses 
and cellulose bonds), C=O stretching of carbonyl group 
(hemicellulose band), to N–H bending vibrations of primary 
amine group of CS, to N–H bending of secondary amine, 
C–O stretching of ester or ether, respectively [34,36].

The spectrum of CS after adsorption (Fig. 1(b)) showed 
similar characteristics as the CS before adsorption except 
for slight changes. Some peaks shifted after adsorption 
whereas other peaks disappeared after adsorption. The FTIR 
spectrum of CS/BP biocomposite (Fig. 1(c)) indicates that the 
peaks are slightly shifted from their position and the inten-
sity gets altered. Because of the surface loading of adsorbent 
by dye molecules, the absorption peaks were transferred 
to higher frequency region [39]. This was a clear indication 
that adsorption of MB onto CS and CS/BP biocomposite take 
place and new bonds were formed between CS-MB cation 
and CS/BP biocomposite-MB cation.

Two possible mechanisms of adsorption of MB may be 
considered (Fig. 2): (a) electrostatic interaction between the 
groups of adsorbents (CS and CS/BP biocomposite) and the 
MB dye, and (b) the chemical reaction between the adsorbate 
and the adsorbents [40].

3.1.2. Surface morphology 

Scanning electron microscopy (SEM) has been a primary 
tool for characterizing the surface morphology and funda-
mental physical properties of the adsorbent. SEM images of 
BP and of CS and CS/BP biocomposite adsorbents were taken 
before and after dye adsorption on MB are presented in Fig. 3.

From (Figs. 3), it is clear, there is a good possibility for 
dyes to be trapped and adsorbed into these pores. 

CS sample exhibited rough, highly corrugated and thick 
surface (Fig. 3). The banana peel is a heterogeneous material 
and an irregular surface morphology. CS/BP biocomposite 
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Fig. 1. FTIR of CS before and after adsorption, CS/Banana peel biocomposite before and after adsorption and Banana peel.
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images (Fig. 3) show an irregular surface and some cracks 
and channels, which can be associated to internal pores with 
smaller diameters. However, the surface morphology of 
CS/BP biocomposite is different from that of CS and natural 
BP. The surface morphology of bioadsorbent became much 
smoother after the adsorption of MB, and pores and caves are 
filled by MB dye.

3.1.3. Thermal gravimetric analyses

Fig. 4 shows the thermogravimetric (TGA) and deriva-
tive thermogravimetric (DTG) curves of CS, banana peel and 
the biocomposite obtained from CS and banana peel. In case 
of CS, the weight loss around 42°C is attributed to the loss 
of superficial moisture from the CS. A major weight loss at 
378°C is due to the degradation of CS molecule [41].

The TGA record of the powdered banana peels (Fig. 4) 
shows four stages of the decomposition reaction. The first 
weight loss around 86°C is due to the physisorbed water 
departure. The continuous loss of mass between 150°C and 
400°C corresponding to three major stage (173°C, 285°C 
and 355°C), is due to the decomposition of hemicellulose 
depolymerized, cellulose and lignin [42].

The TGA and DTG curves of biocomposite indicate three 
mass loss stages: moisture evaporation up to about 44°C, 

main decomposition of biocomposite matrix between 200°C 
and 400°C, and continuous slight decomposition thereafter 
(about 887°C) corresponding to the carbonization of CS/BP 
biocomposite. 

3.2. Effects of various parameters influencing the adsorption

3.2.1. Effect of contact time

Contact time is inevitably a fundamental parameter in all 
transfer phenomena such as adsorption. The effect of contact 
time on the adsorption of MB by CS and CS/BP biocomposite 
are shown in Fig. 5. The amount of the absorbed MB onto 
CS and CS/BP biocomposite initially, increase with time and 
at some point of time, it reaches a constant value beyond 
which no more is removed from solution. The amount of 
MB adsorbed at the equilibrium time reflects the maximum 
adsorption capacity of the adsorbent under those operating 
conditions. The adsorption curves are single, smooth, and 
continuous leading to saturation and indicate the possible 
monolayer coverage on the surface of adsorbents by the MB 
dye molecules [43]. 

The percentage removal of CS was 81% at 150 min and 
CS/BP biocomposite was 96% at 100 min, this is due to the sat-
uration of the active sites which cannot let further adsorption 

CS after adsorption

BP before adsorption CS/BP  biocomposite before 
adsorption

CS/BP biocomposite after 
adsorption

CS before adsorption

Fig. 3. SEM images of CS, Banana peel and Chitosan/Banana peel biocomposite before adsorption, Chitosan and Chitosan/Banana 
peel biocomposite.
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to take place. It is evident that the bioadsorbent are efficient 
in absorbing equilibrium gradually. It is obviously the rate 
of adsorption and adsorption capacity of MB onto CS/BP 
biocomposite is more than CS.

3.2.2. Effect of initial dye concentration 

The dye concentration also plays an important role 
in the adsorption capacity of adsorbents. Six different 
concentrations 5, 10, 20, 30, 40 and 50 mg/L were selected 
to investigate the effect of the initial dye concentration on 
the adsorption of MB on CS and CS/BP biocomposite. The 
other process parameters were kept constant, including the 
solution pH, 0.10 g of adsorbent, a temperature of 25°C and 
an agitation speed of 250 rpm. 

As expected the removal capacity of all the adsorbents 
increased with increasing initial concentration (figure not 
shown). The removal of MB increased from 56% to 80% 
for CS and from 89% to 95% for CS/BP biocomposite when 
initial concentration of MB was increased from 5 to 50 mg/L, 
respectively.

It can be stated that a higher initial MB concentration 
results in the increase in driving force between the aqueous 
solution and solid phases, thus increasing the uptake. This 
leads to enhanced the number of collisions between the dye 

molecules and the adsorbent (CS and CS/BP biocomposite) 
and decreased resistance to the uptake of dye molecules from 
colored solution improving the amount of adsorbed dye [44]. 

3.2.3. Effect of pH

The pH value of the dye solution is an important factor 
for the determination the adsorption of solutes. The solution 
pH can affect the surface charge of the adsorbent and the 
dissociation of functional groups on the active sites of the 
adsorbent as well as the structure of the dye molecule [17].

Solution pH was studied by varying the initial pH 
of solution from 2 to 10. The adsorbents dosage, rotation 
speed, temperature and initial dye concentration were fixed 
at 0.10 g, 250 rpm, 25°C and 10 mg/L.

The removal percentage of MB on CS/BP biocomposite 
increased significantly with an increase in the solution pH, 
primarily due to the protonation of the MB in the acidic 
medium and the presence of excess H+ ions competing with 
dye cations for adsorption sites [45].

The reverse was observed for MB on CS (figure not 
shown), the adsorption of MB onto CS is most important in 
acid medium. There is a significant decrease in the amount 
adsorbed of MB in range pH of 6–10. The maximum removal 
of MB onto CS (77 %) at pH 4.

The maximum MB dye removal when the pH of the 
solution was increased, the positive charges on the solution 
interface decreased and the adsorbent surface appeared 
negatively charged.

3.2.4. Effect of ionic strength 

The wastewater containing dye has commonly higher salt 
concentration, and ionic strength effect is of some importance 
in dye adsorption onto adsorbents. The ionic strength of the 
solution is one of the factors that control both electrostatic 
and non-electrostatic interactions between the adsorbate and 
the adsorbent surface [46].

The effect of salt concentration (NaCl) on the removal 
of MB was studied at different NaCl concentrations of 0.2, 
0.4 and 1 mol/L with a fixed adsorbent dosage of 0.10 g, a 
temperature of 25°C and an agitation speed of 250 rpm as 
shown in Fig 6.

CS

CS/BP biocomposite

BP

Fig. 4. ATG of CS, Banana peel and Chitosan/Banana peel 
biocomposite.

Fig. 5. Effect of contact time on MB % dye removal 
onto CS and CS/BP biocomposite ([C]MB :10 mg/L, 
T: 25°C, mCS,CS/BP biocomposite : 0.10 g, agitation speed: 250 rpm and 
pHMB 4.85).
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The percentage removal of MB decreased from 62% to 
57% and from 86% to 71% for CS and CS/BP biocomposite, 
respectively, as the ionic strength concentrations increased 
from 0.2 to 1 mol/L.

This could be attributed to the competitive effect between 
dye cations and Na+ ions for the available adsorption sites; 
similar observation has been reported [47,48].

As the ionic strength increased, the activity of MB and the 
active sites for adsorption decreased, therefore, the adsorp-
tion amount of MB decreased [49].

3.2.5. Effect of inorganic salts 

The occurrence of various types of salts is rather common 
in colored textile effluents. The salts could change the ionic 
nature, hydrophobicity, size, and solubility of the dye and 
their presence leads to high ionic strength, which may signifi-
cantly affect the performance of dye adsorption process [6].

The effect of several inorganic salts (NaCl, Na2SO4 and 
Na2HPO4) on MB adsorption by CS and CS/BP biocomposite 
was studied. 0.2 M of each of NaCl, Na2SO4, Na2HPO4 were 
prepared and 25 ml of each were mixed with 10 mg/L of 
MB containing 0.10 g of CS and CS/BP biocomposite under 
shaker. The MB removal percentages were measured in the 
absence and presence of NaCl, Na2SO4 and Na2HPO4, as 
shown in Fig. 7. 

The effect was referred to competition between the salts 
anions Cl–, SO4

2– and HPO4
2– and the MB for the unoccupied 

sites on the CS and CS/BP biocomposite.
In the absence of NaCl, Na2SO4 and Na2HPO4, MB dye 

removal percentage at equilibrium can reach 81% and 96% 
onto CS and CS/BP biocomposite, respectively. By comparison, 
MB dye removal percentage at equilibrium decreased to 
62% (CS) and 85% (CS/BP biocomposite) in the presence 
NaCl, to 45% (CS) and 78% (CS/BP biocomposite) in the pres-
ence Na2SO4, to 48% (CS) and 79% (CS/BP biocomposite) in 
the presence Na2HPO4.

The highest removal percentage of MB by CS/BP bio-
composite is in the presence of NaCl, Na2SO4 and Na2HPO4, 

the competition due to the high negative charges of 
Cl–, SO4

2–, HPO4
2– and MB onto sites of CS/BP biocomposite.

3.3. Adsorption kinetics

Adsorption kinetic describes the controlling mechanism 
of adsorption processes which in turn governs the mass 
transfer and equilibrium time. The experimental data of 
MB adsorption onto CS and CS/BP biocomposite at differ-
ent time intervals were examined using pseudo-first-order, 
pseudo-second-order and intraparticle diffusion kinetic 
models.

The BM adsorption onto CS and CS/BP biocompos-
ite was fitted by three kinetic models, and values of k1, k2, 
kint, and qe,calc as well as correlation coefficients are listed 
in Table 1. The correlation coefficients (R2) of MB for the 
pseudo-second-order model onto CS and CS/BP biocomposite 
were 0.9924 and 0.9997, respectively. On the other hand, the 
correlation coefficients of MB for the pseudo-first-order 
kinetics model onto CS and CS/BP biocomposite were 0.9304 
and 0.9782, respectively. 

Based on Table 1, the R2 value obtained from the intra-
particle diffusion kinetic model were 0.8814 and 0.9676 onto 
CS and CS/BP biocomposite, respectively. The results show 
that the correlation coefficient for the intraparticle diffu-
sion kinetic model was lower than the second-order and 
first-order kinetic models.

The kinetic linearized model studies showed that the 
pseudo-second-order kinetic model with high correla-
tion coefficient described the system much better than the 
first-order kinetic model and the intraparticle diffusion of 
MB onto CS and CS/BP biocomposite, the adsorption of MB 
onto CS and CS/BP biocomposite fit this model. 

The applicability of the pseudo-second-order kinetic 
model suggested that the adsorption MB onto CS and 
CS/BP biocomposite is based on chemical reaction 
(chemisorptions), which involved valency forces through 
sharing or exchange of electrons between the adsorbent 
and adsorbate [50].
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Fig. 6. Effect of ionic strength on MB % dye removal 
onto CS and CS/BP biocomposite ([C]MB :10 mg/L, 
T: 25°C, mCS,CS/BP biocomposite : 0.10 g, agitation speed: 250 rpm and 
pHMB 4.85).
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Fig. 7. Effect of Inorganic salts on MB % dye removal 
onto CS and CS/BP biocomposite ([C]MB :10 mg/L, 
T: 25°C, mCS,CS/BP biocomposite : 0.10 g, agitation speed: 250 rpm 
and pHMB 4.85).



C. Djilani et al. / Desalination and Water Treatment 151 (2019) 189–198196

3.4. Adsorption isotherms

The Langmuir and Freundlich adsorption isotherm con-
stants for MB adsorption are presented in Table 2. A compar-
ison of the R2 values obtained from the adsorption models 
clearly indicates that the Langmuir and Freundlich models 
provides the best fit for the adsorption of MB on CS and 
CS/BP biocomposite.

The applicability of the Langmuir isotherm suggests the 
monolayer coverage of the dye on the homogeneous surface 
of CS and CS/BP biocomposite. The maximum adsorption 

capacity of MB by CS and CS/BP biocomposite were 
64.72, 35.57 mg/g, respectively. The adsorption capacity of 
CS/BP biocomposite for MB was higher than the value of CS. 
Furthermore, the KL value of CS/BP biocomposite was higher 
than that of CS, indicating that CS/ BP biocomposite had the 
highest adsorption energy.

The Freundlich model is applied to describe a heteroge-
neous system characterized by a heterogeneity factor of 1/n. 
This model describes reversible adsorption. The values of 
correlation coefficients and other parameters obtained from 
CS and CS/BP biocomposite are given in Table 2.The n values 
were all more than 1 (n > 1) indicating that the Freundlich 
type adsorption is favorable. 

A comparative evaluation of the adsorbents capacities of 
various types of adsorbents for the adsorption of MB is listed 
in Table 3.

Table 2
Langmuir and Freundlich isotherm constants and correla-
tion coefficients for adsorption of MB on CS and CS/BP 
biocomposite

CS/BP  
biocomposite

CSParametersModels 

1 1 1 1
q q K q Ce L e

= + ×
max max.

Langmuir 
isotherm 

64.7235.57qmax (mg/g)
0.02200.0155KL (L/mg)
0.99860.9934R2

ln ln lnq K
n

Ce F e= +
1Freundlich 

isotherm
3.07672.0608KF ((mg/g)(L/mg)1/n)
1.08511.0279n
0.99370.9952R2

Table 3
Comparison of maximum adsorption capacity of dyes by some adsorbents

Adsorbents Dyes qmax (mg/g) References

H2SO4 crosslinked magnetic chitosan nanocomposite beads Methylene blue 20.408 [5]
Activated lignin-chitosan extrudates Methylene blue 36.25 [15]
Carboxymethyl cellulose/k-carrageenan/activated 
montmorillonite composite beads

Methylene blue 10.75 [3]

Carbon/ montmorillonite (CMt) nanocomposites Methylene blue 138.10 [51]
Cellulose/graphene oxide composite aerogel Methylene blue 78.493 [11]
Banana peel Methylene blue 20.8 [52]
Biocomposites with peanut waste biomass (Native, Chitosan 
aniline, Chitosan pyrrole, Strach) 

Crystal violet 33.23 
54.91

150.16
10.25

[53]

Brown macroalga Methylene blue 95.45 [54]
Chitosan Methylene blue 35.57 This study
CS/BP biocomposite Methylene blue 64.72 This study 

Table 1
Pseudo-first order, pseudo-second order and intraparticle 
diffusion kinetic model parameters for the adsorption of MB 
onto CS and CS/BP biocmposite

CS CS/BP biocomposite

Pseudo-first-order model
 
log( ) log

,
q q q

k
te t e− = − ×1

2 303

qe,calc (mg/g) 3.108 24.087
k1 (min–1) 0.0099 0.0094
R2 0.9304 0.9782

Pseudo-second-order model

 

t
q k q q

t
t e e

= +
1 1

2
2

qe,calc (mg/g) 0.5581 3.0779
k2 (g/mg. min) 28.015 1.0248
R2 0.9924 0.9997

Intraparticle diffusion q k tt = int
/1 2

kint (mg/g.min½) 0.4925 1.3818
R2 0.8814 0.9676

k1 and k2: rate constants for the pseudo-first, pseudo-second-order 
adsorption and kint: intraparticle diffusion constant.
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4. Conclusion

The present study indicates that CS/banana peel 
biocomposite have been successfully prepared from CS 
and banana peel. The larger adsorption capacity of CS/BP 
biocomposite may be the reason for larger area for synthe-
sis of biocomposite. Scanning electron microscopy micro-
graphs of CS/BP biocomposite revealed that the surface was 
highly porous in nature. The interaction between CS and 
banana peel was confirmed by FTIR spectroscopy and SEM 
imaging. The difference in surface morphology of adsor-
bents before and after adsorption and the shifting of peaks 
in FTIR spectrum confirmed the MB dye adsorption onto 
CS and CS/BP biocomposite. The maximum adsorption of 
MB was obtained as 64.72 and 35.57 mg/g for CS/BP bio-
composite and CS, respectively. The kinetics of adsorption 
suggested a pseudo-second-order model fits better than 
pseudo-first-order model for MB. The equilibrium adsorption 
process was best fitted by the Langmuir and Freundlich mod-
els. The experimental results showed that the biocomposite 
could potentially be used in the removal of the cationic dyes 
in aqueous solutions and industrial wastewater treatments. 
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