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ABSTRACT

Preparation and evaluation of chitosan-coated eggshell (CTS-ES) particles as a biosorbent
for removal of Cu(Il) ions from aqueous media was considered in this research. For this
purpose, chitosan was coated on eggshell (ES) particles through precipitation procedure.
The coated particles were characterized by Fourier transform infrared, thermogravimetric
analysis, and field emission scanning electron microscopy analysis. Kinetic studies showed
that coating of chitosan on ES particles improved their Cu(ll) adsorption capacity. The
removal of Cu(l) ions by either ES or CTS-ES particles followed the pseudo-second-order
kinetics, indicating that chemical sorption is the rate-limiting step for both of them. Lang-
muir and Freundlich models were used to describe the mechanism of the Cu(Il) adsorption.
The data fitted well with the Langmuir model, showing both ES and CTS-ES particles are
homogenous adsorbents. The coated particles had maximum Cu(II) adsorption capacity of
95.2 mg/g, which was higher than that of ES particles (73.5 mg/g). The adsorption capaci-
ties of the either ES or CTS-ES particles were reduced with decreasing the pH and ionic
strength of media. Therefore, the prepared CTS-ES particles can be used as a potential
renewable resource-based and cost-effective biosorbent for removal of Cu(ll) ions from
aqueous media.
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1. Introduction

The increasing level of toxic heavy metal ions dis-
charged to the environment is currently an important
concern, as a result of their adverse effects on either
public health or ecological systems [1]. Mining
activities, metal fabrication, electroplating, battery

*Corresponding author.

manufacturing, and illegal landfills are potential
sources of heavy metal ions [1,2]. Furthermore, natural
weathering processes, atmospheric depositions, and
anthropogenic activities are other reasons for the con-
tamination of water to these ions [2]. Although copper
is one of essential elements to human body in trace
quantities, high levels of Cu(ll) ions are toxic and may
cause various health problems in liver, kidney, and
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central nervous system [3]. High concentrations of
Cu(l) ions can also cause cancer and promote oxida-
tion in body [4]. Furthermore, Cu(Il) ions are toxic to
aquatic organisms like fishes at low pH values [5].
Therefore, it is important to remove any excess
amount of Cu(Il) ions present in wastewater; so that it
can prevent the contamination of the surface water
and ground water, and protect the public health.

Wastewater contaminated with heavy metal ions
can be treated by various methods such as chemical
precipitation, ion-exchange, adsorption, membrane fil-
tration, coagulation—flocculation, flotation, and electro-
chemical processes [6]. In particular, adsorption
method is recognized as a relatively simple and
effective one [6].

Recently, remarkable activities have been observed
for the development of low-cost adsorbents based on
waste materials [7]. Eggshell (ES) constitutes ~10% of
the total mass of hen egg (~60 g) [8] and is composed
by calcium carbonate (94%), calcium phosphate (1%),
magnesium carbonate (1%), and organic matter (4%)
[8]. A huge amount of ES is produced daily by food
manufacturers and restaurants, which are basically of
no use causing environmental pollution. Many investi-
gations have shown that ES particles are able to
adsorb metal ions [9-11], dyestuffs [12,13] and organic
compounds [14].

Using renewable resource-based materials such as
biopolymers for the environmental clean-up have
also attracted growing interests during last two dec-
ades [15]. Due to biodegradability, inexpensiveness,
and great availability, they are competitive with ion-
exchange resins and activated carbon. Chitosan is an
alkaline deacetylation product of chitin founding in
crustaceous shells, insects, and fungal cell walls
[16,17]. Chitosan contains high content of amine and
hydroxyl groups, which are favorable for the com-
plexation with metal ions [5,18,19], thus has the
highest adsorption capacity among the biopolymers
[2,20]. The key technical issues for the application of
chitosan as a biosorbent are poor mechanical proper-
ties (softness) and dissolvation in dilute acidic media
(forming a gel) [21]. To overcome these drawbacks,
chitosan can be cross-linked [1,20,22] or immobilized
on supporting materials such as alumina [21,23],
bentonite [3,15,24-26], glass beads [27], perlite
[28-31], PVC beads [32], and sand [2,33,34]. Coating
chitosan on supports also results in lower amounts
of chitosan being used, and thus lowers the cost of
the final adsorbent. Therefore, the aim of this study
is the coating of chitosan on ES particles as waste
material, to result in a renewable resource-based and
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low-cost biosorbent with overall adsorption capacity
of pure chitosan.

In this study, chitosan was coated on ES particles
through precipitation procedure to prepare biosor-
bent for removal of Cu(ll) ions from aqueous media.
The chemical structure, size and surface morphology
of the particles were studied by instrumental analy-
sis. The potency of the particles for Cu(ll) adsorp-
tion from aqueous media was evaluated under
various experimental conditions to demonstrate
adsorption  kinetics, isotherms, pH, and ionic
strength effects.

2. Experimental
2.1. Materials

Hen ESs were collected from a local restaurant in
Tehran. Chitosan was supplied by Bechmann-Kenko
and used as received. Oxalic acid dihydrate
((COOH);,-2H,0), sodium hydroxide (NaOH), copper
dinitrate trihydrate (Cu(NO3);:3H,0), sodium nitrate
(NaNOs), and acetone were bought from Merck.

2.2. Preparation of ES particle

Collected ES was washed with hot distilled water
to remove the impurities. The cleaned ES was dried at
70°C in a hot air oven for 4 h. The dried ES, without
membrane separation, was grounded into powder
using a grinder and then sieved into size ranges of
100-200 mesh (75-150 pum).

2.3. Preparation of chitosan-coated ES particles

Chitosan was coated on ES particles through pre-
cipitation procedure. In a 250 mL beaker, 1 g of chito-
san was added to 100 mL oxalic acid solution (0.2 M)
and magnetically stirred at 750-1,000 rpm for 30 min
in order to complete dissolvation. Then, 5 g of ES par-
ticles was added to the solution and stirred for 5 min.
After that sodium hydroxide solution (1 M) was
added dropwise to the stirring mixture until its pH
increased up to 7. The mixture was further stirred for
15 min and then centrifuged at 1,000 rpm for 1 min to
sediment chitosan-coated eggshell (CTS-ES) particles.
The separated particles were kept in 100 mL of ace-
tone for 1 h in order to complete dehydration. Finally,
the coated particles were dried at 40°C in a vacuum
oven for 6 h and stored away from moisture before
use.
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2.4. Instruments

The Fourier transform infrared (FTIR) spectroscopy
was accomplished using a Bruker spectrophotometer
(model Equinox 55, Germany) in the range of
400-4,000 cm ™" at 4 cm ™" resolution and 16 scans. Ther-
mogravimetric analysis (TGA) was carried out on a
Mettler-Toledo instrument (model TGA/DSC 1, Swit-
zerland) from 25 to 600°C at a heat rate of 10°C/min
under nitrogen atmosphere. Size and surface morphol-
ogy of the particles were evaluated using field emis-
sion scanning electron microscopy (FE-SEM, model
Mira, Tescan, Czech). The particles were fixed on an
aluminum pin using double-sided adhesive tape and
then sputter coated with a thin gold layer for 4 min
before microscopy. UV-visible spectrometry was car-
ried out using a Biochrom spectrophotometer (model
WPA 52000 Lightwave, UK) at ambient temperature.
Distilled water was used as blank medium.

2.5. Adsorption experiments

Investigation of Cu(Il) adsorption onto the particles
was carried out in batch experiments. For this pur-
pose, 50 mg of the particles was placed into 25 mL
vials containing 10 mL aqueous solution with desired
concentrations of Cu(l) ions (50-800 mg/L), pH val-
ues (2-5) and sodium nitrate (020 g/L). The mixtures
were shaken by a rotary shaker at 25°C and 150 rpm
for 0.5-8 h. After desired intervals, the vials were cen-
trifuged at 4,000 rpm for 1 min to precipitate the parti-
cles. Then, the aqueous media were filtered using a
filter paper and the concentrations of remained Cu(Il)
ions in the media were determined using UV-visible
spectrometry. Cu(ll) adsorption capacity (g, mg/g)
and removal efficiency (RE, %) were calculated using
the following equations:

m
RE = (G -C) x 100 )
Co

where Cy (mg/L) and C; (mg/L) are, respectively, the
initial Cu(l) concentrations in the solution and after
contacting with the particles for time ¢ (min), V (L) is
the volume of solution, and m (g) is the mass of the
particles.

UV-visible spectrometry was carried out at
250 nm. The concentrations of Cu(Il) ions in aqueous
media were calculated using a seven-point calibration
curve in the range of 1-1,000 mg/L. The reported val-
ues are an average of three measurements.
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3. Results and discussion
3.1. Characterization of the particles

Chitosan was coated on ES particles through pre-
cipitation procedure to prepare biosorbent for removal
of Cu(l) from aqueous media. Chitosan is soluble in
acidic media and solidifies in neutral and alkaline
media. This phenomenon offers its precipitation on
the surface of ES particles through increasing the pH
of media.

The chemical structures of the raw materials and
coated particles were studied through FTIR spectros-
copy. FTIR spectra of ES particles, chitosan, and
CTS-ES particles are depicted in Fig. 1. FTIR spectrum
of ES particles (Fig. 1(a)) showed the typical peaks of
calcium carbonate (2,516, 1,798, 1,418, 875, and
712cm™") as main component of ES. The peaks at
1,418, 875, and 712 cm ! are related to asymmetric
stretching (v3), and in-plane and out-of-plane bending
vibrations of carbonate moiety, respectively [35,36].
FTIR spectrum of chitosan (Fig. 1(b)) confirmed the
presence of saturated hydrocarbons in its backbone.
The stretching vibrations of O-H and N-H bonds of
hydroxyl and amine groups, respectively, appeared as

1418
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Transmittance (%)

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wave number (cm™)

Fig. 1. FTIR spectra of ES particles (a), chitosan (b), CTS-ES
particles before (c) and after (d), and adsorption of Cu(Il)
ions.
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a wide peak centered at 3,429 cm™' [21,23,37]. The
peaks at 2,920 and 2,890 cm™! are attributed to stretch-
ing vibration of aliphatic C-H bonds [21,23,37]. The
bending vibrations of N-H bonds of amine groups
were also observed at 1,654 and 1,627 cm ' [21,23].
The peaks at 1,460 and 1,379 cm™! belong to bending
vibrations of -CH,- and —CHj; groups, respectively
[37]. The stretching vibration of C-N bonds of amine
groups appeared at 1,263 cm™'. The peak at 1,163 cm™"
is due to asymmetric stretching vibration of C-O
bonds of ether bridges, while the skeletal stretching
vibration of C-O bond of hydroxyl groups was
observed at 1,065 cm ! [21,23]. These two peaks are
generally considered as the fingerprint peaks for the
polysaccharide structure of chitosan [37,38]. The occur-
rence of corresponding peaks for ES (2,512, 1,800, 1,418,
875, and 711 cm ) and chitosan (1,639, 1,321, 1,170,
and 1,094 cm™Y) in the FTIR spectrum of CTS-ES parti-
cles (Fig. 1(c)) confirmed their combination within the
coated particles. Meanwhile, this reveals that adsorp-
tion sites of chitosan (amine and hydroxyl groups)
remained intact during coating on ES particles and are
available for the complexation with Cu(Il) ions.

The FTIR spectrum of CTS-ES particles after
adsorption of Cu(ll) ions (Fig. 1(d)) indicated a shift
for peak belongs to stretching vibration of O-H and
N-H bonds of hydroxyl and amine groups, respec-
tively, to higher wave number values (from 3,446 to
3,460 cm™'). The peak related to bending vibration of
N-H bonds of amine groups also shifted to higher
wave number values (from 1,639 to 1,650 cm ™ !). This
phenomenon is in agreement with previous reports
[29,31,39] and is due to deformation of O-H and N-H
bonds of hydroxyl and amine groups, respectively, as
a result of interaction between with Cu(Il) ions.

The weight percent of chitosan in the coated par-
ticles was determined by means of TGA [25]. TGA
and DTGA curves of ES particles, chitosan, and
CTS-ES particles are presented in Fig. 2. ES particles
were thermally stable up on 600°C with a weight
loss of 3.7% relating to volatile materials [40]. TGA
and DTGA curves of chitosan reveal two stages of
mass loss. The first mass loss stage at temperature
region of 50-100°C (weight loss 7.6%) is due to the
loss of physically adsorbed water. The second mass
loss stage (weight loss 40.4%) at temperature region
of 250-330°C is related to degradation of hydrocar-
bons within chitosan backbone [1,2,25]. The ash con-
tent of chitosan at 600°C was 32.4%. TGA and
DTGA curves of CTS-ES particles show multiple
stages of weight loss similar to that of chitosan. The
ash content of the coated particles at 600°C was
84.4%. According to the ash content values, the
weight percent of chitosan in the coated particles
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was calculated as 18.6% (theoretical value was
16.7%). The difference between experimental and the-
oretical values can be attributed to measurement
errors of DTA analysis and agglomeration of the
chitosan chains to form some chitosan particles
instead of coating on the ES particles, which led in
higher chitosan within the sample for TGA analysis.

The size and surface morphology of the particles
were studied through FE-SEM. FE-SEM images of ES
particles, chitosan, and CTS-ES particles are shown in
Fig. 3. FE-SEM images ES particles (Fig. 3(a) and (b))
exhibit a particle size range of 100-200 pm and angu-
lar pattern of fractures due to their crystalline struc-
ture [35] with rough and irregular surfaces. The fibers
of ES membrane were clearly observed on surface of
ES particles. For better comparison, chitosan was also
dissolved in oxalic acid solution (0.2 M) and precipi-
tated through dropwise addition of sodium hydroxide
solution (1 M) under magnetic stirring. FE-SEM image
of chitosan (Fig. 3(c) and (d)) shows a porous struc-
ture. FE-SEM image of the coated particles (Fig. 3(e)
and (f)) displays particle size range similar to ES parti-
cles (100-200 um), while their surfaces were covered
with chitosan and no evidence of the ES membrane
fibers was observed. The adsorption sites belong to
immobilized chitosan chains (amine and hydroxyl
groups) will improve the Cu(ll) adsorption capacity of
the coated particles comparing to ES particles.

3.2. Kinetics of Cu(Il) adsorption onto the particles

The adsorption kinetics of Cu(Il) ions onto the par-
ticles are depicted in Fig. 4. According to Fig. 4, 96.3%
of Cu(ll) ions were removed by CTS-ES particles
within the first 2 h, while the removal efficiency for ES
particles was gradually increased to 69.3% within 7 h.
The equilibrium adsorption capacities (4,) of ES and
CTS-ES particles were 13.9+0.4 and 19.6+0.6 mg/g,
respectively. The different adsorption kinetics of these
particles is due to diverse adsorption sites on their
surfaces. Adsorption and precipitation are two mecha-
nisms for removal of Cu(Il) ions by ES particles, while
both involve reactions with the surface of CaCQOj; in
the ES particles [10,41]. Adsorption occurs at low
Cu(I) concentrations through complexation with car-
bonyl bonds of carbonate groups. Precipitation hap-
pens at high Cu(l) concentrations via ion-exchange
with Ca** ions [10,41]. For the coated particles, amine
and hydroxyl groups of chitosan adsorb the Cu(Il)
ions through formation of stable complexes [5,18,19].
These adsorption sites are readily accessible from
outer interface, and thus resulted in rapid adsorption
process.
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Fig. 2. TGA (a) and DTGA (b) curves for ES particles, chitosan, and CTS-ES particles.

In order to investigate the kinetic mechanism of
the Cu(ll) adsorption by ES and CTS-ES particles, the
experimental data were analyzed according to the lin-
ear forms of the pseudo-first-order (PFO) and pseudo-
second-order (PSO) kinetic models. The linear forms
of the PFO and PSO models can be expressed accord-
ing to following equations [42,43]:

In(g. — q¢) = Ing, — kqt 3)

t t 1

Py + o2 4@
where g; (mg/g) is the amount of adsorbed Cu(Il) at
time t (min), and k; (1/min) and k; (g/mg min) are,
respectively, the rate constants of PFO and PSO
adsorptions. For PFO model, the values of k; and
g were obtained from the slope and intercept of In
(9e—qe) vs. t plot, respectively. For PSO model, the
slope and intercept of t/g; vs. t plot showed, respec-
tively, g, and k, values.

The results for the kinetic parameters are given in
Table 1. The regression correlation coefficient (R?) val-
ues were reported to indicate the goodness of the
kinetic model fit. For either ES or CTS-ES particles,
higher R* values were obtained with the PSO model
compared to the PFO model (Table 1). Moreover, the
calculated equilibrium adsorption capacities (§o-car)
obtained from the PSO model were well approximated
to the experimental ones, especially for CTS-ES parti-
cles, indicating better suitability of this model to
describe Cu(Il) adsorption kinetics onto these particles.
Chemisorption is the rate-controlling step for the over-
all sorption processes following PSO kinetics [2,18,44].
This is in agreement with Cu(Il) adsorption onto the
chitosan chains involving complexation of their amine
and hydroxyl groups with Cu(ll) ions [5,18,19]. Several
studies showed that the adsorption of Cu(ll) ions onto
chitosan and supported chitosan followed the PSO
kinetics [3,18,24,25].

As expected, the k, value was higher for CTS-ES
particles (8.60x 10~ g/mg min) in comparison to ES
particles (5.52x107* g/mg min) due to presence of
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Fig. 3. SEM images of ES particles (a, b), chitosan (c, d), and CTS-ES (e, f) particles.

amine and hydroxyl groups of chitosan with high the particles vs. equilibrium concentrations of Cu(Il)
adsorbability for Cu(ll) ions [5,18,19]. in aqueous media (C,) are depicted in Fig. 5. For both
ES and CTS-ES particles, g, values were progressively
increased with C, ones reaching the saturation of the
particles.

Adsorption isotherms describe the distribution of The Langmuir and Freundlich isotherm models
Cu(I) ions between the surface of the particles and were used to determine maximum Cu(l) adsorption
aqueous medium at equilibrium [45]. The g, values for  capacities of the particles. The Langmuir model has

3.3. Isotherms of Cu(Il) adsorption onto the particles
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Fig. 4. Cu(II) adsorption kinetics for the particles. Initial Cu(Il) concentration: 100 mg/L, particles dose: 5 g/L, pH 5, and

25°C.

Table 1
Kinetic parameters for Cu(Il) adsorption by the particles®

PFO kinetic model

PSO kinetics model

Particles g4, (mg/g) ki1 (1/min) Je-cal (MG/g) R? k, (g/mg min) Je-cal (Mg/g) R?
ES 13.9+0.4 1.38x 1072 23.1 0.886 552x107% 17.5 0.998
CTS-ES 19.6 0.6 1.24 %1072 2.48x 107! 0.893 8.60x107° 19.9 0.999

?All experiments were performed at initial Cu(II) concentration: 100 mg/L, particles dose: 5 g/L, pH 5, and 25°C.
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250 4 oo CTS-ES-Langmuir — — = CTS-ES-Freundlich —
200 s
® T
E‘ 150 T
-] - & =
=3 -~
100 1 f'/‘_/_ _______________________________________________________________________
" =
50477 emmmmeememmmss=esSesroTSISTISRES
e T ¢
i
0 v — —r— L e e e -
0 100 200 300 400 500 600 700
Ce (mg/L)

Fig. 5. Cu(Il) adsorption isotherms for the particles. Particles dose: 5 g/L, pH 5, contact time: 8 h, and 25°C.

been commonly used for studying the adsorption in
solution and assumes that Cu(ll) adsorption occurs at
specific homogeneous sites with equal adsorption
energy [1]. The linear form of this model is expressed
as follows [1]:

1 1 1

e B quLCe * q7m ©)

where g,, (mg/g) is the Langmuir adsorption capacity
representing the maximum adsorption capacity of the
monolayer formed on the particles and K (L/mg) is the
Langmuir constant related to enthalpy of adsorption. K;.
is a measure of affinity of the adsorbate for the adsor-
bent [46]. The values of g,, and K; were obtained from
the intercept and slope of the 1/g. vs. 1/C, plot,
respectively. Furthermore, the separation factor or the
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equilibrium parameter (R;) was calculated according to
the following equation [47]:

1

Rp=——71—
L 1+ K1Cy

(6)

The R value indicates whether the adsorption is unfa-
vorable (R, > 1), linear (R; =1), favorable (0 < Ry < 1),
or irreversible (R; =0).

The Freundlich model has also been used to
describe the adsorption equilibrium. This model is an
empirical equation employed to describe equilibrium
on heterogeneous surfaces, and hence does not
assume monolayer capacity [1]. The linear logarithmic
form of the Freundlich model can be written as
follows:

Ing, = anp-‘r%lan 7)

where Kr (L/g) and n are the Freundlich constants
relating to the adsorption capacity and adsorption
intensity, respectively. The values of Kr and n were,
respectively, obtained from the intercept and slope of
the In g. vs. In C, plot. The obtained value of n>1
indicates favorable adsorption conditions [44].

The Langmuir and Freundlich isotherms for Cu
(I) adsorption onto the particles are given in Table 2.
For either ES or CTS-ES particles, the R; and n
values were in the range of 0 < R, < 1 and n>1,
respectively, which show that Cu(Il) adsorption onto
these particles was favorable processes [48]. Accord-
ing to the R values, for both ES and CTS-ES parti-
cles, the Langmuir model provided better fit for the
experimental data in comparison to the Freundlich
model. FTIR and isotherms results are in agreement
with previous reports, which claimed that adsorption
of Cu(l) ions on chitosan and supported chitosan
occurred trough complexation with amine and
hydroxyl groups and followed Langmuir isotherms
[21,29,31,32,39]. Since Langmuir isotherm refers to
homogenous adsorption process [1], it may be

Table 2
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concluded that amine and hydroxyl groups of chito-
san have similar energy level as binding sites for
Cu() ions. It can also concluded that chitosan
chains completely covered the surface of ES particles
during coating procedure.

The Langmuir model was used to interpret the
adsorption of Cu(ll) ions onto these particles. The
coated particles had maximum Cu(ll) adsorption
capacity of 95.2 mg/g, which was higher than that of
ES particles (73.5 mg/g). Furthermore, higher K; and
lower R; values for CTS-ES particles comparing to ES
particles, confirmed that the coated particles have
higher affinity to adsorb Cu(ll) ions [49-51].

The maximum Cu(ll) adsorption capacities (g,
provided by Langmuir isotherm are compared with
those for other adsorbents based on ES and chitosan
in Table 3. The CTS-ES particles developed in the
present study exhibits higher adsorption capacity com-
pared to most of chitosan-coated supports.

3.4. Effect of pH on Cu(Il) adsorption onto the particles

The pH of the media is an important parameter
in adsorption processes. The effect of pH of solution
on Cu(l) adsorption by the particles in the pH range
of 2-5 is shown in Fig. 6. This pH range was chosen,
since chitosan undergoes dissolvation below pH 2
and copper ions precipitate above pH 5 [31]. For
either ES or CTS-ES particles, the Cu(ll) adsorption
capacities were reduced as the pH of medium
decreased. Similar trend was observed for Cu(ll)
adsorption by chitosan [22,52] and immobilized chito-
san [2,3,32]. The lower Cu(ll) adsorption capacity of
CTS-ES particles at acidic pH values can be attributed
to three reasons: (1) protonation of amine and
hydroxyl groups within chitosan backbone and their
consequent electrostatic repulsion with Cu(Il) ions
[2,21,53], (2) competition between (H50™) hydronium
ions and Cu(Il) ions in terms of binding with adsorp-
tion sites [1,21], and (3) dissolvation of chitosan in
acidic media. The competition reactions can be writ-
ten as follows:

Langmuir and Freundlich isotherms for Cu(Il) adsorption by the particles®

Langmuir isotherm model

Freundlich isotherm model

Particles g (mg/g) Kp (L/mg) R? Ry Kp (L/g) n R?
ES 73.5 7.18x107° 0.992 0.148-0.736 2.29 1.95 0.890
CTS-ES 95.2 1.26x107" 0.997 0.010-0.137 13.6 2.23 0.939

2All experiments were performed at particles dose: 5 g/L, pH 5, contact time: 8 h, and 25°C.
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Table 3
Cu(Il) adsorption capacities of various adsorbents based on ES particles and chitosan
Maximum Cu(II) adsorption Kinetic
Adsorbent pH capacity (g,,, mg/g) model Isotherm Reference
Chitosan beads 6 807 Langmuir  [22]
Chitosan coated ceramic alumina 4 862 Langmuir [21]
Chitosan coated activated alumina 6 3155 Langmuir  [23]
Chitosan coated bentonite 4 12.2 PSO Langmuir [3]
Chitosan coated bentonite 4 18.8 PSO Freundlich [25]
Chitosan coated bentonite 4 12.6 PSO Freundlich [24]
Chitosan coated bentonite and crosslinked 4 9.4 PSO Freundlich [22]
with epichlorohydrin
Chitosan coated perlite 5 196.1 PSO Langmuir [31]
Chitosan coated perlite 45 104.0 Langmuir  [30]
Chitosan coated PVC beads 4 879 SO Langmuir  [32]
Chitosan coated sand 42 109 Langmuir [33]
Chitosan coated sand 45 82 PSO Langmuir [2]
ES particles 55 323 Langmuir [10]
ES particles 51.7 PSO Langmuir  [56]
ES particles 5 735 PSO Langmuir  This
work
Chitosan coated ES particles 5 92 PSO Langmuir  This
work
20 A 100
F 80
15
5] [ &
E 101 2
= Lao =
5
] ——E [%
] —#— CTS-ES [
0 T T T T T T T 0
1.5 2 25 3 3.5 4 4.5 5 5.5
pH

Fig. 6. Effect of pH on Cu(ll) adsorption by the particle. Initial Cu(Il) concentration: 100 mg/L, particles dose: 5 g/L,

contact time: 8 h, and 25°C.

CTS — NH; + Cu*t — (CTS — NH,)*"Cu ®)

CTS — NH, + H* — CTS — NH{ )

At higher pH values, more adsorption sites of chitosan
(amine and hydroxyl groups) have a negative charge,
which promote their interaction with the Cu(ll) ions
[32,54].

3.5. Effect of ionic strength on Cu(Il) adsorption onto the
particles

Ionic strength of the media is an important param-
eter in adsorption process, especially when adsorbate
removal is affected by slight changes in the supporting
electrolyte solution [55]. To study the effect of ionic
strength of media on Cu(ll) adsorption by the parti-
cles, Cu(l) solutions contain different amounts of
NaNO; (0-20 g/L) were used. The result is displayed
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Fig. 7. Effect of ionic strength on Cu(Il) adsorption by the particle. Initial Cu(II) concentration: 100 mg/L, particles dose:

5 g/L, contact time: 8 h, and 25°C.

in Fig. 7. For either ES or CTS-ES particles, the Cu(Il)
adsorption capacities were reduced as the concentra-
tion of NaNOj; and consequently ionic strength of the
medium increased. Similar trend was observed for the
Cu(l) adsorption by chitosan [55] and immobilized
chitosan [24]. Upon addition of NaNOj, the Na* ions
distribute the outer layer surrounding the particles,
providing strong repulsive forces to the Cu(ll) ions
and lead to a decrease in the adsorption capacity of
the particles [24].

Increasing the concentration of NaNOj; from 0 to
20 g/L caused a minimal reduction in Cu(ll) adsorp-
tion of CTS-ES particles (from 97.9% to 86.1%) com-
paring to ES particles (from 68.1% to 38.2%). In fact,
chitosan chains do not form complexes with Na* ions
[24], which implies that increasing their concentration
has insignificant effect on the adsorption of Cu(Il) ions
on the coated particles.

4. Conclusions

Chitosan was successfully coated on the surface of
ES particles through precipitation procedure. The
coated particles were characterized by FTIR, TGA, and
FE-SEM analysis. Coating of chitosan on ES particles
improved their Cu(Il) adsorption capacity from 13.9 +
0.4 to 19.6+0.6 mg/g. The removal of Cu(ll) ions by
either ES or CTS-ES particles followed the pseudo-
second-order kinetics, indicating that chemical sorp-
tion is the rate-limiting step for both of them. The k;
value was higher for CTS-ES particles in comparison
to ES particles due to presence of amine and hydroxyl
groups of chitosan with high adsorbability for Cu(Il)
ions. The data fitted well with the Langmuir model,
showing both ES and CTS-ES particles are homoge-
nous adsorbents. The coated particles had maximum

Cu(I) adsorption capacity of 95.2 mg/g, which was
higher than that of ES particles (73.5 mg/g). Further-
more, the K; and lower R;, values for CTS-ES particles
were high comparing to ES particles. For either ES or
CTS-ES particles, the Cu(Il) adsorption capacities were
reduced with decreasing the pH and ionic strength of
media. These results demonstrated the potential utility
of the CTS-ES particles for removal of Cu(ll) ions from
aqueous media.
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