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This work explores the fabrication of organic–inorganic nanohybrid based biopolymer composite systems
for the cleaning of different contaminants from wastewater. This system involves the simultaneous radi-
ation grafting techniques for sepiolite (SP) modification and the simple mixing of modified-SP with
biopolymer matrix, chitosan (CS). The SP beads were chemically modified with amidoxime prior to its
use in composite systems. The synthesized composite beads were characterized using scanning electron
microscopy (SEM), thermal gravimetric analysis (TGA), nitrogen physical adsorption (BET) investigations,
Fourier transform infrared (FT-IR), atomic absorption and UV–visible spectroscopy. Hydrolytic stability of
beads was also investigated in aqueous media, beads showed excellent stability in aqueous medium and
in acidic environment. Here, the sorption profile of copper over amidoxime grafted SP-nanohybrid (MSP)
incorporating CS-beads is reported. Furthermore, the key adsorptive variables, i.e. contact time, adsor-
bent dose, and concentration of adsorbate are discussed. Different isothermal (Langmuir and
Freundlich) and kinetics model were also elaborated. Langmuir isotherm and pseudo-second-order mod-
els are proved to be the best fit models for Cu (II) removal in aqueous system. To explore the efficacy of
the material towards organic pollutants, methylene blue (MB) was selected as model compound and
adsorbed on nanohybrid beads. The results revealed that organic–inorganic nanohybrid incorporating
CS beads are quite effective for contaminated water remediation, owing to their better adsorptive perfor-
mance, high stability and easy application.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Water is crucial to the existence of living organisms in the envi-
ronments. Unfortunately, clean water resources are affected by the
wide increase in industrialization and modernizations (Ay et al.,
2012; Salama et al., 2015). Living organisms are endangered by
water contamination produced by release of numerous organic
and inorganic harmful compounds into water resources (Arun
et al., 2020). Organic dyes and heavy metals, are the leading con-
taminants in effluent imparting extremely harmful influence on
human health and environment (Aldalbahi et al. 2020; Nawaz
et al., 2020; Zhang et al., 2020). Depending on the concentrations
of toxic metals such as lead, chromium, cadmium, mercury, and

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2021.101689&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jksus.2021.101689
http://creativecommons.org/licenses/by/4.0/
mailto:balasbahi@ksu.edu.sa
mailto:awazirzada@ksu.edu.sa
https://doi.org/10.1016/j.jksus.2021.101689
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


Mohib Ullah Khan, Bandar Ali Al-Asbahi, S. Bibi et al. Journal of King Saud University – Science 34 (2022) 101689
copper in water altogether threaten the ecosystems. Presence of
water pollutants even in very low concentrations are reported to
cause mutagenic effects, thus leading to serious health threats such
as cancer etc. (Vidu et al., 2020). Presence of dyes in water can
reduce the photosynthetic activity as well (Bharti et al., 2021).

In the last few decades, hybrid materials having both organic
and inorganic moieties have received a great focus of the environ-
mental scientists and engineers (Azeez et al., 2013). Such hybrid
materials can be used for the removal of various kinds of toxic
pollutants from wastewater. Among such hybrid materials,
polymer/clay-based systems are recognized as best regarding
their exceptional adsorptive characteristics. Owing to the occur-
rence of tunable functional groups, high surface area, the clay
has been used successfully for removing many organic pollutants
(Parisi, 2020), metal ions and dyes from wastewater (Mansoori
et al., 2010). Amongst the clays, sepiolite holds superior position
because of its morphological importance. Silanol groups (Si-OH)
are concentrated at the outer surface of the fibers (sepiolite) due
to periodic transposition of the silica sheets (Ruiz-Hitzky et al.,
2013). These groups could be utilized to incorporate various
organic moieties which may include polymers and coupling
agents (Galan, 1996; García et al., 2011). It has been found that
amidoxime grafted groups on sepiolite have a strong affinity to
form chelate complex with metal ions (Xie et al., 2015; Ji et al.,
2017). One of the most attractive procedure for the incorporation
of surface groups is ’’grafting’’. It is the technique which can be
used to alter the surface characteristics of material as per demand
(Bhattacharya and Misra, 2004). By mean of this method, the
grafting of a monomer on sepiolite is a rare idea. Previously, our
group successfully synthesized new nanohybrid material by
simultaneous radiation grafting method (Nasef and Güven,
2012; Badawy and Dessouki, 2003). The acrylonitrile grafted
nanohybrids were chemically modified with amidoxime chelating
adsorbent (Taimur et al., 2017). To explore it further, and to check
the efficiency of nanohybrid towards organic–inorganic pollutants
removal and for easy processing this material can be combined
with polymers.

Nowadays, the scientists are focusing on the use of bio-polymer
as adsorbents (Malerba and Cerana, 2020). Amongst them, chitosan
is considered as one of the best choices due to its cationic nature (Li
and Huang, 2013). The presences of –OH and –NH2 functional
groups on chitosan have great potential for the adsorption of toxic
substances (Doğan et al., 2008). Furthermore, this material is very
flexible and can be easily converted into desired form i.e. films/
membranes or beads etc. (Bibi et al., 2016; Bibi et al., 2015). The
use of chitosan as supporting material for sepiolite nanohybrid
could be a good idea. In practical applications the adsorbents sep-
aration is a very important. Conventional separations such as sed-
imentation and filtration generally lead to the loss of adsorbents,
which results in environmental problems because of the leaching
of adsorbents and adsorbate. Recently, our group developed ami-
doxime grafted sepiolite based chitosan nanohybrids and explored
their adsorptive performance for the removal of organic–inorganic
pollutants. Kamal and co-workers (Kamal et al., 2016) prepared
chitosan beads by crosslinking and used them for copper removal,
despite the good performance, these beads were not effective in
acidic environments.

In current work, we aimed to combine amidoxime grafted sepi-
olite with chitosan and to develop a new biopolymer based
organic–inorganic-hybrid system. As stated above our group
already have synthesized nanohybrid powder by grafting ami-
doxime groups on sepiolite surface (Alhaddad et al., 2012), and
now efforts are made to develop sepiolite beads using chitosan
as supporting material which are expected to perform better in
neutral, acidic and basic media.
2

2. Materials and methods

2.1. Chemicals and materials

Acrylonitrile (99%), acetic acid (99%), acetone (99%), chitosan
(degree of acetylation 75%, C-3446), methylene blue (95%) (MB)
(C16H18ClN3S), sodium hydroxide (NaOH 97%), hydrochloric acid
(HCl 37%), ethanol (96%), methanol (99%), sepiolite (SP), iso-
propanol (70%), vinyl tri-ethoxy silane (VTES 97%), dimethylfor-
mamide (DMF 98%), hydroxylamine hydrochloride (98%), sodium
carbonate (99%), copper sulphate (98%) (CuSO4�5H2O) all were
obtained from Sigma Aldrich and used without further purification.
Distilled water was used in all experiments.

2.2. Modification of sepiolite and beads synthesis

2.2.1. Sepiolite modification
Sepiolite (SP) was salinized as previously reported by our group

(Taimur and Yasin, 2017). 10 g of SP were dispersed mechanically
in distilled water (1 L, 24 h) then filtered, dried and crushed into
fine powder. The crushed powder was dispersed in iso-propanol
in a beaker while adding VTES (hydrolyzed) drop wise and stirred
(2 h at 60 �C). This suspension was filtered, washed with ethanol
and dried in vacuum. Simultaneous radiation grafting (SRG): The
acrylonitrile monomer and modified SP were added to a flask.
Before the addition of these reagents, the flask was exiled and
purged with nitrogen. The mixture was then thoroughly stirred
(8 h) in inert conditions, allowing to produce an even suspension,
which was then treated by gamma rays at 5.0 (KGy) with the rate
of 5.84 (kGy/h) at room temperature at NIFA (Nuclear Institute of
Food and Agriculture Peshawar, Pakistan). After irradiation, the
sample (RGS 5) was pulverized (FRITSCH pulverisette 6) for 1 h
at 200 rpm. The sample was washed with acetone and Soxhlet
extracted for 8 h with the solvent dimethylformamide to eliminate
homopolymer and unreacted monomer. The sample was vacuum
dried until constant weight is achieved. Amixdoximation of SP (mod-
ified): In this process conversion of nitrile (–C@N) to amidoxime
(AO, –C(NH2)-NOH is achieved on radiation grafted sepiolite. Previ-
ously modified clay (as above) was dipped in 10 g of hydroxy-
lamine hydrochloride solution dissolved in methanol–water (v/
v = 1:1) system that contained 7.5 g of sodium carbonate. The solu-
tion pH was maintained in the range of 7.0 ± 0.5 and slowly
refluxed at a temperature of 80 �C and stirred for 6 h. In order to
eliminate unwanted constituents, the sample was washed with
deionized water and vacuum dried at 60 �C and labelled as MSP.

2.2.2. CS/modified sepiolite composite beads fabrication
CS (3.6 g) was liquefied in 2% acetic acid solution (100 mL) in

glass vial. MSP (0.292 g) was mixed to CS solution while stirring
at 25 �C to achieve homogeneous blend. Then the CS-Clay blend
was sonicated for 7 h at room temperature to achieve homogene-
ity. Gelling bath (NaOH, 10%, w/v solution) was prepared for beads
fabrication. Chitosan/Clay dispersion was taken in disposable syr-
inge (5 mL/cc), added drop wise to gelling bath and continuously
stirred to form sphere beads. Beads were stirred in gelling bath
for 1 h and then washed several times until neutral pH. Blank
beads (CS-0) were also synthesized by using same method.

2.3. Characterization and measurements

SEM (JEOL SEM-6480LV, 120 kv) was used to examine the com-
posite exterior morphology. The composite beads were immersed
in water and freeze dried before SEM analysis. The infrared spectra
were recorded on FTIR spectrophotometer (Nicolet 6700, Thermo
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Electron Corp, and Waltham, Massachusetts, USA) at scanning
range of 3500–500 cm�1. 116 scans (average) were testified at res-
olution of 6.0 cm�1. To study the thermal analysis of beads, Met-
tler–Toledo thermal gravimetric analyzer (analytical/SDTA851)
was used. For TGA the temperature ranges from 50 to 700 �C (rate,
20 �C/min). To determine the surface parameters of CS-0 and CS-
MSP, Brunauer–Emmett–Teller (BET) experiments were performed
by surface area and porosity analyzer (Auto-sorb-IC, Quanta
chrome). The hydrolytic stability of sepiolite-based chitosan beads
was checked by immersing beads in water. A definite amount of
composite bead was dipped in acidic, basic and neutral solutions.
The stability of the beads was determined at different time inter-
vals (up to a year).
2.4. Applications

The newly synthesized composite beads were used for the
uptake of toxic metal and dye from water. On the way to evaluate
the effectiveness of the material as adsorbent, copper and MB were
selected as model compounds.
2.4.1. Batch adsorption studies
1000 ppm (1.575 � 10�2 M) stock solution of CuSO4�5H2O was

prepared. Required strengths of solution (30–190 mg/L) was
achieved by further dilution of this stock solution. Taking 50 mL
in two reagent bottles from 30 mg/L (4.724 � 10�4 M) diluted solu-
tion and then known amount of CS-0 and CS-MSP beads were
added. The bottles were kept on shaker for 3 h. After 3 h shaking,
the solvent color was gradually vanished which was supposed to
be adsorbed on the composite beads. To confirm adsorption, the
sample was analyzed by the atomic absorption spectrophotometer
(SpectrAA.300 plus, Varianuble beam). A same procedure was
repeated for 50–210 mg/L range to study the effect of concentra-
tion of adsorbate for isothermal adsorption measurements. For
kinetic study, 30 mg L�1 solution was prepared from the same
standard solution. Adsorption experiments were carried out at
room temperature by varying contact time (5–210 min). The
remaining amount of copper ions in solution were detected by
using atomic absorption spectrophotometer and calculated by
using reported formula (Kamal et al., 2017).

The beads were also examined for the adsorption study of MB.
The MB was dissolved to prepare 50 mgL-1 solution (stock) and
was further diluted to 5 mg/L. The solution was taken in two
reagent bottles and known amount of CS-0 and CS-MSP beads were
added. Adsorption experiment at room temperature was con-
ducted by varying contact time (5–30 min) and analyzed with
UV–Visible spectrophotometer.
3. Results and discussions

3.1. Characterization of composite beads

The surface morphology of synthesized composite was studied
by means of SEM. The micrographs of blank beads at various mag-
nifications are shown in Fig. 1a. The images illustrated the porous
nature of the material. Fig. 1b demonstrates SEMmicrograph of CS-
MSP beads. The images showed that after the addition of filler the
porosity of polymer is greatly changed. However, the consistent
dispersion of nanohybrid into polymer (MAG 1000 kx, 2500 kx
and 5000 kx) was also detected. In addition, the micrographs also
represent that no phase separation occurred which is a sign of good
dispersion of filler. The main reason for the well dispersion of filler
is the existence of functional groups (hydroxyl, amino and silane
groups) on surface of modified clay making them more compatible
3

with the polymer. The role of ultrasonic radiation also helps in bet-
ter dispersion.

The FTIR spectra of blank chitosan and sepiolite-based chitosan
synthesized beads are depicted in Fig. 2a which represent N–H
(corresponds to amino group) and O–H (corresponds to hydroxyl
group) stretching vibrations in the range of 3100–3500 cm�1. C–
H stretching can be observed around 2926 cm�1. Kamal’s group
(Kamal et al., 2017) reported the smiler bands corresponding to
the characteristic groups of functional groups present in chitosan
structure. Similarly Cuevas-Acuña and co-authors (Cuevas-Acuña
et al., 2021) conveyed the chitosan bands on or after 3405–
900 cm�1 which typically links to the stretching vibrations of
bonds of the amino group (NH), the stretching of the O–H links.
And of course, the protonation of the amino groups of the polymer
further down low pH (acidic conditions). Furthermore, the stretch-
ing vibrations of the C–O primary alcohol group (–CH2OH), and
sucrose glycoside connection (C–O–C) were also presented as also
appeared.

Peak appeared at 1653 cm�1 corresponds to C@O stretch (due to
amide group). Subsequently by the addition of nanohybrid filler,
the intensity of all characteristic peaks decreased to some extent
which represents the interactions of nanohybrid with polymer
matrix. Both the amino and hydroxyl groups present on chitosan
structure can interact with nanohybrid functional groups as shown
in Fig. 4c. The spectra of both composites after copper ions uptake
are shown in Fig. 2b. After copper ions uptake the characteristic
peaks of both functional groups present on chitosan are somewhat
shifted to the lower wavenumber which represents the interaction
of metal ions with beads. This effect is more pronounced in case of
nanohybrid beads. In view of the recorded spectrum for copper ion
loaded nanohybrid filled beads it can be observed that all type of
functional groups may involve in complexation process (H–O, Cu,
N–H). The peak corresponds to N–O stretch around 915 cm�1 is
also shifted and becomes weaker which indicates the chelation of
copper ions with amidoxime group as reported earlier by our
group (Taimur et al., 2017). In addition, the peak around
1019 cm�1 is more widen which attributes to O–Cu–O vibration
(yellow circled, 2b). Fig. 2c represents the MB loaded spectra of
composite beads. In this case, it can be observed that the peak
intensities of characteristic bands are also slightly shifted, reflect-
ing the interactions of MB with beads. Photographs of composite
beads earlier and after copper ions uptake are presented in
Fig. 2d and e, respectively.

Thermal analysis of composite beads is represented in Fig. 3.
Single step degradation could be detected in both cases. Degrada-
tion started at 294.69 �C with 20.10% weight loss, owing to the
moisture loss, more prominently due to elimination of the bound
water (Islam et al., 2016). The thermal degradation response is
quite similar from initial to around 300 �C and the thermal degra-
dation of clay-based beads is decreased as compared to blank
beads. The increased stability of CS-MSP beads can be seen until
the high temperature. In case of CS-MSP the % residue is higher
in comparison to CS-0 (Table 1). It can be assumed that the addi-
tion of clay may enhance the thermal stability of CS resulting in
good dispersion of filler due to interactions among functional
groups incorporated after clay modifications.

BET results of the nitrogen adsorption/desorption are shown in
Table 1. The surface area and pore volume of chitosan is decreased
after the addition of nanohybrid material. However, the pore size
slightly increased in case of CS-MSP beads. The lowering of surface
area might be due to the effect of grafting on nanohybrid (Taimur
and Yasin, 2017). These results are consistent with SEM analysis. If
we compare the SEM micrographs with same magnification, there
is a systematic change from a spherical shape to a partial planar
structure, and this might probably reduce the effective surface
area. The hydrolytic stability of synthesized composite beads were



Fig. 1. SEM micrograph of composite beads: CS-0 (a) and CS-MSP (b).
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observed in acidic, basic and neutral media. Known amount of
synthsized beads were suspended in aqoues medium (basic, acidic
and neutral) and noted the stability time. It is already reported
(Wu et al., 2009) that chitosan beads are unstable in acidic env-
iornment because of their swelling properties. The functional
groups like hydroxyl, carbonyl and amine that have not partici-
pated in cross linking are available for reaction with water and lead
to polymer chain decomposition. The addition of modified SP as a
filler in CS matrix, can improve the hydrolytic stability of the CS
beads and make them highly stable in acidic media. This effect
might be due to the crosslinking of silane groups on the surface
of clay. Due to the stability in acidic medium, this type of beads
can be used for the removal of toxic pollutants present in acidic
environment. The beads also showed excellent stability in aqueous
medium (neutral pH). In basic medium the beads are stable for
several months and may last for few years. The hydrolytic stability
of the CS-MSP shows better result in acidic medium as compared
to CS-0 (Table 1).
3.2. Batch mode adsorption studies

3.2.1. Effect of contact time on Cu (II) uptake
The effect of time for copper ions uptake on composite beads

were studied at different time intervals, 0–250 min and the results
are shown in Fig. 4. It can be observed from Fig. 4a that during
15 min, the blank beads (CS-0) adsorbed 22 mg/g whereas the
clay-based beads adsorbed up to 70 mg/g. The adsorption perfor-
mance of both types of beads slowly increased with increasing
interaction time and eventually equilibrium was established. In
case of CS-0 equilibrium was reached after 3.5 h while for CS-
MSP it reached after 3 h. The adsorption effect is noticeable in case
of CS-MSP, as adsorption capacity was enhanced to 99 mg/g after
24 h. It can be concluded that the adsorption efficiency of chitosan
can be enhanced by the addition of nanohybrid material. This
4

enhanced capacity might be due to the occurrence of more func-
tionalities on the surface of filler which can couple with metal ions
through complexation. The proposed mechanism of the process is
shown in Fig. 4c.

3.2.2. Effect of adsorbent dose
The adsorption of CS-0 beads and CS-MSP were studied at var-

ious concentrations of Cu ions solution. For this purpose, the solu-
tions of various concentrations were prepared ranging from 30 to
190 mg/L and the adsorption capacities of synthesized beads (CS-
0 and CS-MSP) were calculated. After 60 mg/L chitosan beads
adsorbed 47 mg/g metal ions while at 130 mg/L and 170 mg/L
adsorbed 71 mg/g and 76 mg/g, respectively. The adsorption
capacity of the CS-MSP beads were gradually increased by increas-
ing the concentration which indicates the presence of active sites
on the adsorbent. The Fig. 4b, shows that the adsorption capacity
was levelled off at 170 mg/L, CS-MSP beads had shown highest
adsorption capacity of 92 mg/g at 190 mg/L as compared to CS-0
beads.

3.3. Adsorption kinetics

Adsorption kinetic behavior explains the adsorbent-adsorbate
relationship with time. To elucidate the mode of adsorption, two
kinetic models were applied to sorption data, the pseudo-first
and pseudo-second-order.

3.3.1. Pseudo-first-order kinetic model
This model explains that, the extent of adsorption is directly

proportional to the number of active sites present on the adsorbent
surface. The linear expression for first order is represented as (Yuh-
Shan, 2004):

ln Qe � Qtð Þ ¼ lnQe � K1t ð1Þ



Fig. 2. FTIR spectra of composite beads (a) before Cu (II) adsorption, (b) after copper loading, (c) MB loaded CS-0, CS-MSP beads, photographic images of beads before (d) and
after (e) Cu (II) uptake.

Fig. 3. Thermogram of CS-0 and CS-MSP composite beads.
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Qe and Qt are the amount of metal that is adsorbed (in mg/g) at
equilibrium and time t, respectively. K1 is the rate constant of
pseudo-first order.
5

3.3.2. Pseudo-second-order model
According to pseudo-second-order kinetics model, the adsorp-

tion rate is proportional to square of the amount of vacant adsorp-
tion sites. The mathematical form of the model is given as (Ho,
2006):

t
Qt

¼ 1
K2Qe

2 þ
t
Qe

ð2Þ

where K2 is the rate constant (g/mg min�1) for second order.
The contact time effect on two adsorbents for metal ions uptake

is shown in Fig. 5. Initially, during 20 min of interaction the adsorp-
tion of Cu ions was very abrupt, and it became maximum after 3 h
and onwards it became smooth Fig. 5a. The graph based on exper-
imental data is plotted for log (Qe-Qt) vs t and t/Qt vs t for pseudo
first and second order kinetics and shown in Fig. 5b. The parame-
ters calculated from Eqs. (1) and (2) are given in Table 2.

The Table 2 shows the comparison of the results and kinetic
parameters of two kinetic models, Pseudo first model and Pseudo
second- order model. The R2 values showed that the data followed
pseudo second kinetics and calculated value (Qc) is closer to exper-
imental value (Qe) with greater correlation coefficient
(R2 = 0.9992). Therefore, it could be predicted that above data fol-
lowed pseudo second order kinetics.



Fig. 4. Effect of contact time (a) and initial concentration (b) of Cu (II) on composite beads. (c) Proposed adsorption mechanism and scheme for Cu (II) uptake on CS-0 and CS-
MSP beads.
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3.4. Adsorption isotherms

Adsorption isotherm models demonstrate the interaction
among the adsorbate concentration in solution and the amount
of adsorbate adsorbed on the surface (mg g�1). For the investiga-
tion of adsorption process, the Langmuir and Freundlich (El-Bahy
and El-Bahy, 2016) isotherm models were applied to the experi-
mental data.

Generally, the Langmuir model describes the adsorption process
on definite homogeneous adsorbent sites inside the adsorbent. At
6

constant temperature (T), the adsorption capacity is the function
of the equilibrium concentration in solution. The Langmuir model
assumes that: (i) on adsorbent surface, the adsorbed molecules
form saturated mono-layer when adsorption occur, (ii) the
enthalpy and energy of all adsorption sites are equal, and (iii) there
are no interactions between adsorbed molecules after adsorption.
Mathematically Langmuir isotherm can be expressed as:

Ce

Qe
¼ 1

KL:Qm
þ Ce

Qm
ð3Þ



Table 1
Surface area (BET), TGA analysis and Hydrolytic stability data of composite beads.

Sample Surface area (m2/g) Pore Size (nm) Pore volume (m3/g)

CS-0 443.403 14.994 0.058
CS-MSP 435.887 15.058 0.015

Thermal Analysis Hydrolytic stability

Samples Percentage residue (%) Tmax (�C) Acidic medium
(days)

Basic medium
(days)

Aqueous medium
(days)

CS-0 20.10 294.69 10 Up to several months Up to several months
CS-MSP 32.05 298.71 30 Up to several months Up to several months

Fig. 5. Kinetic adsorption of Cu (II) (a) Pseudo-first-order and (b) Pseudo-second-order model for composite beads.

Table 2
Parameters of kinetic models for Cu (II) adsorption onto CS-0 and CS-MSP beads.

Pseudo First order Model Parameters

Samples Qc (mg/g)* K1 (min�1) Qe (mg/g)! R2

CS-0 10.7810 �0.0077 65.075 0.9517
CS-MSP 10.4305 �0.0285 99.551 0.9105

Pseudo Second order Model

Samples Qc (mg/g)* K2 (g mg�1 min�1) Qe (mg/g)! R2

CS-0 67.11 0.0031 65.075 0.9298
CS-MSP 102 0.0016 99.551 0.9992

Qc*: Calculated value, Qe!: Experimental value.
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At equilibrium KL (L/mg) is the Langmuir constant, Ce (mg L�1)
is the concentration of copper ion, and Qm and Qe are the adsorp-
tion capacities (mg g�1). The graphical representation of Langmuir
model is showed in Fig. 6a and Table 3 enlists the adsorption
parameters.

The Freundlich adsorption isotherm model recommends the
heterogeneity of the surface and assumes that adsorption occur
on various energies sites. The adsorption energy varies as a func-
tion of surface coverage. Freundlich isotherm assumes that adsorp-
tion occur on heterogeneous surface on different energy sites and it
forms a multi-layer. Freundlich adsorption isotherm is not fit for
low concentrations and is fit for medium and high concentrations.
Freundlich isotherm model is expressed as:

lnQe ¼ ln KF þ 1
n
lnCe ð4Þ

where n and KF are the equilibrium adsorption constants for Fre-
undlich isotherm. It is generally believed that if the n value is smal-
ler than 1, then adsorption is not favorable while in the range of 2 to
7

10, adsorption is favorable (Daik et al., 2015). The Freundlich model
is presented in Fig. 7b. The good fitting of the data suggests that the
adsorption of copper ions on CS-0 and CS-MSP has mono-layer for-
mation (Ijagbemi et al., 2009).

The Table 3 shows, equilibrium isotherm parameters values for
the comparison of these two-isotherm model. The Langmuir model
predicts higher Qm* of 102 and 128 mg g�1for CS-0 and CS-MSP,
respectively. It was found that copper ions adsorption on (CS-0
and CS-MSP) followed Langmuir model more closely than Fre-
undlich. Therefore, it could be concluded that the copper adsorp-
tion on both the adsorbents (CS-0 and CS-MSP) is homogeneous
with a monolayer formation.
3.5. Methylene Blue removal

The adsorption performance of CS-0 and CS-MSP synthesized
beads was investigated at different times for MB adsorption and
depicted in Fig. 7. It was found that uptake of MB was progressively
improved by increasing interaction time and eventually equilib-



Fig. 6. Isotherm model fitting (a) Langmuir (b) Freundlich isotherm of Cu (II) uptake on composite beads.

Table 3
Equilibrium Isotherm constants for Cu (II) adsorption on composite beads.

Langmuir Isotherm Model

Samples Qm*(mg/g) KL (L/mg) Qm! (mg/g) R2

CS-0 102 0.0226 75.17 0.9680
CS-MSP 128 0.0220 92.19 0.9830

Freundlich Isotherm

Samples n Kf (mg/g) (L/mg) 1/n R2

CS-0 2.424 6.3841 0.9377
CS-MSP 2.880 6.6372 0.8979

Qm*: calculated value, Qm!: Experimental value.

Fig. 7. Effect of contact time on adsorption of MB.
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rium was achieved within 3.5 h. It can be seen from Fig. 7 that MB
uptake by CS was expressively increased after MSP addition. The
adsorption capacity of filler filled beads for MB was 80 mg/g.

4. Conclusions

This work demonstrates the development of organic–inorganic
nanohybrid based bio-polymer composite system for the elimina-
tion of contaminants from wastewater. CS-amidoxime grafted
sepiolite (MSP) composite beads (CS-MSP) were successfully fabri-
8

cated. Addition of amidoxime grafted sepiolite as a filler into chi-
tosan resulted in homogeneous dispersion for improving its
physical, chemical, and adsorptive properties. CS-MSP composite
beads were found mechanically and thermally stable. However,
sepiolite addition decreased the surface area and pore volume of
chitosan but surprisingly increased pore size. FT-IR results con-
firmed the interactions of sepiolite with chitosan matrix. The CS/
MSP composite showed excellent adsorption capability for copper
ions, with maximum adsorption of 99 mg/g for CS-MSP. Pseudo-
second order kinetics was a better model for explaining the
adsorption performance of copper ions. The adsorption data for
both CS-0 and CS-MSP were best fitted with the Langmuir isotherm
model. Maximum adsorption capacity (Qm) was found to be
128 mg/g for CS-MSP and 102 mg/g for CS-0. The synthesized com-
posite showed good adsorption towards MB as well. The current
research suggested that nanohybrids based polymer composite
beads can be synthesized by using easily available bio-materials
and can be utilized as effective adsorbent for targeting various
organic and inorganic pollutants present in wastewater.
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