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ABSTRACT
The purpose of this work is to prepare a low-cost biosorbent, Magnetic
chitosan resin (MCR), and determine the ability of this biosorbent to
removing Ni (II) ion from aqueous medium. The characteristics of this
biosorbent such as adsorption isotherms, the influence of pH value,
adsorption time and temperature were all researched. The adsorption
equilibrium was achieved after about 150 min at pH = 6 and the equilibrium
date were fitted better with the Langmuir isotherm equation than Freundlich
mode. The maximum adsorption capacity was 14.47 mg·g-1. Both kinetics
and thermodynamic parameters of the adsorption process were also
estimated. The thermodynamic parameters indicated an exothermic
spontaneous process and the kinetics followed the second-order
adsorption process. Moreover, the magnetic chitosan resin (MCR) could
be regenerated through the desorption of the Ni (II) ions using 0.1 mol·L-1
HCL solution and could be reused to adsorb again. Overall the results
reported herein indicated that the magnetic chitosan resin (MCR) with
high adsorption efficiency and magnetic property is very attractive and
implies a potential of practical application for removing Ni (II) ion from
aqueous medium.
2013 Trade Science Inc. - INDIA

INTRODUCTION
Heavy metals are potentially hazardous to human
beings and environment. Various industrial processes
result in the production of considerable residual water
contaminated with heavy metals[1]. Metallic nickel and
nickel compounds have many industrial and commercial applications including use in stainless steels and other
nickel alloys, catalysts, batteries, pigments, and ceramics[2,3]. Nickel and nickel compounds generally cause a
variety of pathologic effects like skin allergy, lung fibrosis and human carcinogen. The most important health
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problems induced by nickel and nickel compounds are
allergic dermatitis and increased incidence of cancers[4].
The U. S. Environmental Protection Agency (EPA)
advises an acceptable level of nickel in drinking water
should below 0.1 mg/L[5]. Therefore, Nickel removal
from aqueous waste streams is currently of great concern for public health and environmental conservation.
Several treatment methods have been developed to
remove nickel from aqueous waste streams, such as
adsorption[6], ion exchange[7], microfiltration and chemical precipitation[8]. Adsorption is considered an effective and economical method among the treatment. Re-
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cently utilize low-cost adsorbents has become a new
focus point mainly using biopolymers, which obtained
from renewable sources and adsorbed metallic ions
selectively and effectively. As available biopolymers in
nature, chitosan attracted much consideration because
of its excellent features, such as biocompatibility, biodegradability, and anti-bacterial properties[9,10]. Further
physical and chemical modification of chitosan has been
developed to improve mechanical strength, selectivity
and capacity for the adsorption of metals. Magnetic
chitosan resin (MCR) is a typical modification method
which keeps the properties of chitosan for the adsorption of metal ions, and moreover, techniques employing
magnetism are imparted to resins facilitating their trapping from the medium using a magnetic field compared
to the centrifugal methods. So it has been widely used
in various applications such as enzyme purification, cell
separation, and waste treatment[11,12]. In order to improve chemical strength and stability, MCR should be
chemically crosslinked, because the crosslinking method
may enhance the resistance of MCR against acids and
chemicals. In our present work, we aim to prepare a
Magnetic chitosan resin (MCR) adsorbent and determine the ability of this biosorbent to removing Ni (II)
ion from aqueous medium. Batch adsorption experiments were carried out as a function of pH value, adsorption time and temperature. The adsorption isotherm
and thermodynamics parameters were also investigated.
EXPERIMENTAL
Materials and instruments
Chitosan with a deacetylation percentage of approximately 85% was purchased from Zhejiang Yuhuan
Biochemical Co. Ltd. (China), and purified before use
by dissolving and precipitating several times, then extracting in Soxhlet apparatus in acetone for 24 h, and
dried at 40! under vacuum. All other chemicals (glutaraldehyde, nickel nitrate) were analytical grade. Double
distilled water (conductivity <0.02 S/cm) were used
throughout the work. The products were characterized
by FT-IR, and SEM. IR spectra were taken with KBr
pellets on a Perkin-Elmer FTIR 1725 spectrometer.
The surface morphology of products was studied using
JSM-120 microscope (Japan). The adsorption experi-

ments were carried out at a thermostated Shaker (SHAC) and the samples were centrifuged at 3000 rpm for
10 min, then the supernatant liquid were used to determine metal ions concentration. Atomic absorption spectrophotometer (ZEEnit700P, Jena) was used to measure Ni (II) concentration following standard methods
for examination of water and wastewater[13].
Preparation of magnetic chitosan resins (MCR)
adsorbent
The Magnetic chitosan resin (MCR) was prepared
according to the literature procedures[14]. A known volume of ferric chloride (0.5mol·L-1) and ferrous chloride
(1mol·L-1) solution were added to three necked flask
purged with nitrogen consecutive stirred at room temperature for an hour. Then ammonium hydroxide (20%)
solution were added into flask to adjust the pH value at
9.0-10.0. The magnetite were filtered and extensively
rinsed with redistilled water then dried at 80 !.
Chitosan powder (1.0g) was dissolved in 2.0%
aqueous acetic acid (200 ml) and 5 g magnetite was
added and stirred at room temperature for 2h until the
mixture dispersed sufficiently. Next, the magnetic
chitosan precipitation was obtained after the addition
of ethanol. After dried at 80 !, it was placed in ethanol
solution in contact with 5% of glutaraldehyde for 2 h,
according to the chemical crosslinking with glutaraldehyde occurs by Schiff’s reaction. Next the magnetic
chitosan resins were collected by magnetic separation
and further washed with distilled water and ethanol in
order to remove the unreacted glutaraldehyde. At last,
it was dried at 80 ! and the magnetic chitosan resin
(MCR) was finally prepared.
Regeneration of adsorbent
For the purpose of reducing the operating cost and
minimizing waste disposal, a practical recycling method
of MCR was developed. 0.2 g Ni (II) saturated MCR
was immersed in a 100 ml beaker with 20 ml of 0.1
mol·L-1 hydrochloric acid solution for 24 h at room temperature. After filtration, the residual was washed with
distilled water until no Ni (II) was left in the effluent.
The CMC was then dried under vacuum.
Adsorption experiments
The sorption experiments were studied by batch
technique. 0.2g MCR were equilibrated with 50 mL of
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aqueous Ni (NO3)2 solution with 50mg·L-1 in a 100 mL
glass stoppered Erlenmeyer flask at 30±2 ! in a shaking bath. The initial pH was adjusted with 0.1 M HNO3
or 0.1 M NaOH before adding the adsorbent. After
shaking for 150 min to ensure full equilibration, the MCR
were collected and the concentration of nickel (II) ions
in the supernatant was estimated by monitoring with
atomic absorption spectrophotometer. The adsorption
capacity was calculated from the following expression:
(1)

where, Q is the adsorption capacity of the adsorbent
(mg/g), Ci and Ct (mg/L) are the initial and terminal
concentrations of Ni (II) respectively, m (g) is the mass
of adsorbent, and V is volume of solution liters.
RESULTS AND DISCUSSION
Characterization
FT-IR spectra of CTS and MCR are exhibited in
Figure 1. The characteristic CTS bands are C-H stretching around 2870 cm-1 and intense bands near 3360 cm1
due to O-H and N-H stretchings. The bands corresponding to acetamide groups, remaining from chitin,
due its incomplete deacetylation appear at around 1650
cm-1and 1380 cm-1, attributed to C=O and C-H de-

Figure 1 : FT-IR of CTS (a) and MCR (b)

formations respectively. The presence of saccharide
structure is confirmed by having bands in 1200–800
cm-1 region, especially 1154 cm-1 and 896 cm-1 assigned
to â-(1, 4)-glycoside bridges. The spectra of MCR
shows new absorption at 1630 cm-1 and 1550 cm-1
ascribed to stretching vibrations of C=N due to the reaction of imine which reveals that functional groups of
Schiff bases have been present in chitosan. There is
also an evidence of presenting Fe3O4 at 589 cm-1 which
attributed to Fe-O bond vibration. From the FT-IR
spectra, it can be concluded that the preparation of
magnetic chitosan resins is successful.

Figure 2 : SEM images of CTS (a) and MCR (b)

The surface morphology of CTS and MCR were
investigated by SEM. As show in Figure 2, CTS has
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particles conglomerated closely particularly. The appearance of MCR indicates that the porous structure
should be propitious to nickel ion uptake.
The characteristic of magnetism provides an easy

and efficient way to separate the MCR from aqueous
solutions. It can be seen that the magnetic chitosan resins with adsorbed Ni could be easily separated by a
magnetic field, resulting in clean water (Figure 3).

Figure 3 : MCR gathered in solution (a) and separated with magnet (b)

Effect of pH value
To evaluate the effect of pH value on nickel (II)
adsorption capacity on MCR, experiments were conducted with 50 ml of 50 mg·L-1 of metal solution containing 200 mg of adsorbent at room temperature. These
results were graphically represented in Figure 4. At pH
2.0 adsorption capacity for nickel (II) is low, while a
vigorous growth appeared in the range of 3.0–6.0. The
results can be summarized as in lower pH value the
functional free –NH2 groups and (–C=N–) of Schiff’s
base group in MCR were highly protonated to –NH3+
and (–C=N–+) which increased the electrostatic repulsion on the surface sites and prevented the metal cations approaching to. With pH increasing gradually (3.0–
6.0), the decrease of H+ reduced positive charge density on the surface sites resulting in an enhancement of
metal adsorption.
Effect of adsorption time
The experimental results of Ni (II) adsorption on
MCR versus time are shown in Figure 5. The extent of
adsorption increases with time and attained equilibrium

Figure 4 : Effect of initial pH valu on adsorption capacity of
Ni (II)

near 150 minutes. After this equilibrium period, the
amount of metal adsorbed did not change remarkably
with time. Many researchers have found that if the reaction rate is chemically controlled, the pseudo-second-order model[15] will be the most appropriate model
to describe the reaction[16] The experimental data were
tested by the pseudo-second-order model whose ex-
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pression is given as follows:

Adsorption equilibrium isotherm
(2)

For boundary conditions t=0 for Qt =0 and t=t for Qt =
Qt, integrating Eq (2) gives below:
(3)

where qt (mg/g) and qe (mg/g) are the absorbances at
time t and at equilibrium respectively. The slope and
intercept of plot of t/Qt vs. t were used to calculate the
pseudo-second-order rate constant k and qe.
As illustrated in Figure 6, the pseudo-second-order model fitted well with the kinetic experimental data
and the correlation coefficients were greater than 0.99.
Therefore, the Ni (II) adsorption process is controlled
by the chemical process.

Figure 5 : Effect of adsorption time on adsorption capacity
of Ni (II)

Analysis of the equilibrium data is the most signiûcant
to accurately represent the adsorption isotherm. To
determine the equilibrium data, the adsorption of the Ni
(II) at different initial concentration (25-100 mg·L-1)
were studied while the weight of MCR, pH value and
adsorption time being constant. Langmuir and Freundlich
adsorption isotherms were often used to ût the experimental data[17]. The Langmuir isotherms assume monolayer coverage of adsorption of each molecule onto the
surface has equal sorption activation energy and no interaction between sorbed species. It has traditionally
been used to quantify and contrast the performance of
different biosorbents. In mathematical form, it is written
as:
(4)

where Ce is the equilibrium concentration of metal ions
((mg·L-1), Qe is the amount of metal ions adsorbed
((mg·g-1), Qm is the maximum adsorption capacity of
metal ions (mg·g-1), and b is the Langmuir adsorption
equilibrium constant (L·mg -1). Therefore, the polt of
Ce/Qe against Ce gives a straight line with a slope of 1/
Qm and an intercept of 1/(Qmb) (Figure 7 and TABLE
1). TABLE 1 indicates that Langmuir model has perfectly application for nickel (II) sorption with a regression coefûcient. The maximum sorption capacity revealed MCR can remove Ni (II) with a higher affinity
compared to chitosan in its natural form and most of
the modiûed forms reported in the literature[18-20].
TABLE 1 : Langmuir and freundlich constants for Ni (II)
biosorption on MCR
Temperature
(K)

Figure 6 : Pseudo-second-order equation for the adsorption
of Ni (II) on MCR
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Langmuir constants
Q m (mg/g) b (L/mg)

R

Freundlich constants
2

Kf

n

R2

303

13.93

0.4503

0.9908 9.861 12.66 0.8134

318

14.29

0.6393

0.9936 9.992 12.91 0.8270

333

14.47

1.509

0.9942 10.31 14.18 0.8712

The equilibrium adsorption data were applied to
the Freundlich isotherm equation for multilayer adsorption isotherm on heterogeneous surfaces. The Freundlich
isotherm is an empirical equation based on an exponential distribution of sorption sites and energies. In
mathematical form, it is represented as:
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(5)
(6)

In the equations, Ce and Qe are equilibrium Ni (II) ion
concentration (mg/L) and equilibrium adsorption capacity (mg/g), respectively. Freundlich constants, Kf and
n can be determined from a liner plot of lgQe versus
lgCe, which affect the adsorption process such as adsorption capacity and intensity of adsorption, respectively. Figure 8 depicts the plots obtained by the
Freundlich isotherm for the adsorbents along with their
R2 values. The Freundlich constants for the adsorption
were also presented in TABLE 1. As can be seen, the
experimental data did not fit well in the Freundlich isotherm equation with low correlation coefficients from
0.81 to 0.87.

Thermodynamic parameters of adsorption
In order to explain the effect of temperature on the
adsorption thermodynamic parameters, the adsorption
behavior of Ni (II) on the adsorbent at different temperatures were also investigated (Figure 9). The results
showed that as the temperature increased, the value of
Q increased, which implied that the adsorption process
was endothermic.
The thermodynamic equilibrium constant (K) for
each system was obtained by calculating the apparent
equilibrium constant K’c at different initial concentration of Ni (II) and extrapolating the same to zero.
(7)

where Ca is the concentration of Ni (II) on the adsorbent at equilibrium in mg/L and Ce is the equilibrium
concentration of Ni (II) in solution in mg·L-1. The adsorption parameters thermodynamic standard enthalpy
(Hè), standard entropy (Sè), and standard Gibbs free
energy (Gè) can be calculated by the thermodynamic
equation[21] :
(8)
(9)

Figure 7 : Langmuir isotherms for Ni (II) the adsorption of
nickel (II) on MCR

Figure 8 : Freundlich isotherms for the adsorption of
nickel (II) on MCR

In the Eq (8), R is the gas constant, 8.314×10-3 (kJ/
mol·K), T is absolute temperature, K is equilibrium
constant at the temperature T, respectively. When lgK
is plotted against 1/T, a straight line with slope H/
2.303RT, and intercept S/2.303R were obtained (Figure 10). The values of Hèand Sèwere also obtained
from the slope and intercept of the Van’t Hoff plots of
lnK versus 1/T (Figure 10). The thermodynamic parameters for the adsorption process are given in TABLE
2. It can be observed that the positive value of
Hèindicates the adsorption is endothermic and higher
temperature makes the adsorption easier. In addition,
this also indicates that adsorption of Ni (II) on MCR is
rather chemical process. If it was only physisorption
process, the enthalpy of the system would be exothermic[22]. The positive value of Sè indicates that there is
an increase in the randomness at the solid/solution interface during the adsorption process[23]. The negative
value of ³%Gèdecreases with the increase of temperature indicating that the spontaneous nature of adsorp-
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tion of Ni (II) are inversely proportional to the temperature, and the adsorption is more favorable at high
temperatures.
Desorption and reuse of MCR
The adsorption/desorption cycles were investigated
in a batch reactor and the adsorbent was recycled to
adsorb Ni (II) from 50 ml of solution with an initial concentration of 50 mg·L-1 under the same adsorption conTABLE 2 : Thermodynamic parameters for for Ni (II)
biosorption on MCR
Temperature (K) △Gè (kJ·mol -1) △Hè (kJ·mol -1) (J·mol -1·K -1)
303

-3.506

318

-3.848

333

-4.191

3.421

ditions. The recycling was repeated 5 times as shown
in Figure 11. Through the Figure, we calculated the
uptake amount of Ni (II) on the CMC (TABLE 3), and
the results indicated there was a decrease of 11.6%
from the first to second cycle, but from this cycle onward the amount remained practically constant. Therefore, we considered that the loaded CMC can be recycled for Ni (II) adsorption when regenerated with
0.1 mol·L-1 hydrochloric acid solution. The mechanism
of regeneration may be that in the first four cycles, both
electrostatic and complex at ion reactions occur between the hydrochloric acid solution and metal ions[24].
CONCLUSIONS

22.86

In this study, a low-cost biosorbent, Magnetic
chitosan resin (MCR) was prepared by cheap and enviTABLE 3 : Uptake amount of Ni (II) on the CMC
Recycle times
uptake amount of Ni (II) (%)

0

1

2

3

4

5

92.66 81.08 80.40 79.92 78.49 78.25

Figure 9 : Equilibrium isotherms for the adsorption of
nickel (II) on MCR at different temperature

Figure 11 : Adsorption and desorption cycles of nickel (II) on
MCR

Figure 10 : Van’t Hoff plot for the adsorption of nickel (II)
on MCR
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ronmentally friendly chitosan and iron salts. The biosorbent
could remove nickel (II) ions from aqueous solution efficiently via the chemical adsorption process which can be
described by pseudo-second rate model. The Langmuir
adsorption model and Freundlich equation were used
for the mathematical description of the adsorption, and
the results showed that the Langmuir isotherm was better compared with the Freundlich isotherm. And the adsorption thermodynamic parameters demonstrated the
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adsorption process was endothermic. Further, the
bisorbent could be regenerated with 0.1 mol·L-1 hydrochloric acid solution and reused effectively. Thus, this
biosorbents is very attractive and implies a potential of
practical application as low-cost and effective absorbent
for remove nickel (II) ions from aqueous solution.
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