¢| Desalination and Water Treatment
www.deswater.com

0 doi: 10.5004/dwt.2017.21741

98 (2017) 266-275
December

Evaluation of heavy metals removal by cross-linked (polyvinyl alcohol/
chitosan/magnetic) nano fibrous membrane prepared

by electro spinning technique

Katayoon Kalantari*®*, Amalina M. Afiffi*** Ariesman Salleh?,

Edzrol Niza Mohamad?, Zahra Izadiyan®

“Department of Mechanical Engineering, Faculty of Engineering, University of Malaya, 50603 Kuala Lumpur,
Malaysia, email: katayoon@um.edu.my (K. Kalantari), Amalina@um.edu.my (A.M. Afiffi), ariesman@um.edu.my (A. Salleh),

edzrol@um.edu.my (E.N. Mohamad)

"Centre of Advanced Materials (CAM), Faculty of Engineering, University of Malaya, 50603 Kuala Lumpur, Malaysia
‘Malaysia-Japan International Institute of Technology, Universiti Teknologi Malaysia, Kuala Lumpur, Malaysia,

email: zahra.i6539@yahoo.com (Z. Izadiyan)
Received 7 July 2017; Accepted 26 November 2017

ABSTRACT

In this study, chitosan/polyvinyl alcohol (PVA)/magnetic nano fibrous membrane was fabricated
via electro spinning. First, magnetic nano particles with average size of 7.98 nm, were fabricated
using co-precipitation method. Then, chitosan solution was blended with aqueous PVA solution in
different weight ratios. The electro spun fibers were kept in a glass desiccator saturated with (50%
aqueous solution) of glutaraldehyde vapor for 24 h. Morphological analysis of chitosan/PVA electro
spun nano fibrous showed a defect-free nano fiber material with 50:50 weight ratio of chitosan/PVA.
Subsequently, 1 wt.% of magnetic nano particles was added to 50:50 chitosan/PVA solution and then,
fine bead free nano fibrous electro spun was fabricated. The resulting nano fiber was characterized
with field emission scanning electron microscopy, energy dispersive X-ray spectroscopy, X-Ray dif-
fraction, Fourier transform infrared spectroscopy, swelling test, and adsorption test. The resulting
membrane was stable in distilled water, acidic, and basic media overnight. Moreover, the adsorption
ability of nano fibrous membrane was studied over Cr®*, Pb**, and Ni** ions. Kinetic parameters were
estimated using the first-order and pseudo-second-order models. Kinetic study showed that adsorp-
tion rate was high. Therefore, chitosan/polyvinyl alcohol (PVA)/magnetic nano fibrous membrane

can be a useful material for water treatment at moderate concentration of heavy metals.

Keywords: Chitosan; PVA; Magnetic nano particles; Electro spinning; Heavy metals adsorption

1. Introduction

Water pollution by heavy metals causes a major prob-
lem throughout the world and their removal from water
resources is a real challenge [1,2]. Their toxicity, non-biode-
gradability and carcinogenicity are dangerous problems for
human health and other living organisms [3] Ni**, Pb** and
Cr* are common heavy metals that can be found in water
due to rapid industrialization. Numerous techniques have

*Corresponding author.

been used for metal ions removal from aqueous solutions
[4]. The most commonly used methods are coagulation/
precipitation, liquid-liquid extraction, membrane separa-
tion and adsorption. Among these techniques, adsorption
is greatly used as an economical and efficient method for
removal of heavy metals from aqueous solutions [5], but
in adsorption process, regeneration of adsorbent in one of
the most difficulty. Recently, electro spinning is attracting
the researcher’s attention to overcome the problems and
make them a suitable candidate for adsorption of heavy
metals. This type of membrane offers excellent properties,
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such as tunable pore size, porosity and high surface to vol-
ume ratio [6,7]. In the last few decades, the feasibility of
low-cost biomass application for removal of heavy metals
has been studied, for example chitosan [8,9] and so on.
Chitosan is one of the most accepted biopolymer which
usually obtained from biomass through processing the
shells of prawns, shrimp and crabs [10]. Chitosan has been
widely applied as bio-sorbent for heavy metal removal and
has two (-OH) side groups and one NH, group which may
act as active functional groups for chelating metal ions [11].
However, there are some disadvantages with pure chitosan
such as low mechanical strength and poor chemical resis-
tance [12]. Mixing of two polymers has become a signif-
icant method for improvement these disadvantages and
performance of polymer [13-15]. Poly vinyl alcohol (PVA)
is a good candidate for blending with chitosan due to its
excellent mechanical property and chemical resistance and
also good biodegradability [16]. PVA makes specific inter-
molecular interactions (hydrogen bonds) with hydroxyl
and amino groups of chitosan. Chitosan/PVA blend has
received attention for removal of heavy metals due to its
good mechanical and chemical properties [17]. Magnetic
(Fe,0,) nano particles have been used as a promising filler
to prepare several types of nano materials because of its
high adsorption capability within short time [18,19]. To
improve the adsorption capacity and recovery properties of
chitosan/PVA polymer, magnetic nano particles have been
added to blend for significant removal of heavy metals
from water. The objectives of the present study were fab-
rication and characterization of PVA/chitosan/magnetic
nano fibrous membrane using electro spinning technique.
Moreover, its application for removal of heavy metals from
aqueous media was investigated.

2. Experimental
2.1. Materials

Chitosan (Mw = 8.96 x 10°g/mol, DDA = 40%) and PVA
(Mw = 60000, degree of hydrolysis = 89%) were obtained
from SE Chemical Co. Ltd and Kuraray Co. Ltd. (Tokyo,
Japan) respectively. FeCl,-6H,0 and FeCl,-4H,O (96%) were
purchased from GPR (USA). NaOH (99%) and Glutaralde-
hyde (Mw = 100-12) were from Merck (Germany) and R&M
chemicals. K,Cr,0,, NiCl, and Pb(NO,), were supplied by
Hamburg Chemical. All aqueous solutions were prepared
with deionized water.

2.2. Methodology

Experimental work was divided into two major parts:
synthesis of magnetic nano particles using co-precipitation
method, and fabrication of chitosan/PVA /magnetic electro
spun nano fibrous membrane.

2.2.1. Synthesis of magnetic nanoparticles

For the synthesis of magnetic nano particles, measured
amount of Fe** and Fe?* with molar ratio adjusted to 2:1,
were added to 50 ml of deionized water. 15 ml of fresh
NaOH (2.0 M) was added to Fe** and Fe** suspension under

continuous stirring and in a non-oxidizing oxygen-free
environment. The final product was centrifuged, washed
and kept at 100°C.

2.2.2. Solution preparation

First, PVA (8 wt.%) was dissolved in distilled water at
70°C. Then chitosan solution (7 wt.%) prepared separately
with concentrated acetic acid was added to aqueous PVA.
Chitosan solution was blended with aqueous PVA solution
in weight ratios of 50:50, 60:40, 70:30, 80:20 and 90:10. These
solutions were named as B, B,, B,, B,, and B,. All mixtures
were stirred for 24 h.

2.2.3. Fabrication of chitosan/PVA and chitosan/PVA/magnetic
nanofibrous membrane

Electro spinning schematic is presented in Fig. 1. It con-
sists of a high voltage power supply 25 kV (LD Didactic
GmbH, Germany), syringe pump NE-300 (New Era Pump
Systems, NY, USA), and stationary collector.

Electro spinning of B, B,, B,, B, and B, solutions were
performed under the following conditions: 19 gauge nee-
dles, 10 cm tip to collector distance, 0.1-0.4 m L h™ feed rate,
12-18 kV voltage. The blend with 50:50 ratio (B,) used for
magnetic nano particles addition due to its defect free mor-
phology that is shown in the results and discussion part.
About 1 wt.% of magnetic nano particles was stirred with
B, solution. Finally, electro spinning was performed under
the same condition. The electro spun fibers were kept in a
glass desiccator saturated with (50% aqueous solution) of
glutaraldehyde vapor for 24 h.

2.3. Characterization

The morphological study of fabricated membrane and
magnetic nano particles was done by using field emission
scanning electron microscope (FESEM, JEOL JSM-7600F,
Akishima, Japan) and transmission electron microscopy
(Hitachi Ltd Tokyo, Japan). The elemental composition of
nano fibrous membrane was analyzed by X-ray energy dis-
persive spectroscopy (EDS) (IE 300X, Oxford, UK).

Fourier transfer infrared (FTIR, Nicolet i5S10, Thermo
Scientific) was applied to determine the composite chemi-
cal structure and bonding among membrane materials. The
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Fig. 1. Electro spinning set up schematic.
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X-ray diffraction (XRD, PAN analytical Empyrean, USA)
was conducted to observe the overall crystallinity of the
magnetic nano particles and nano fibrous composite mem-
brane. The tensile properties of samples were investigated
by a tensile machine (Instron Universal Testing Machine
model INSTRON 4302) with cross head speed of 5 mm/
min. The reported results represented average results of
five tests.

2.3.1. Swelling test

The swelling test was applied for durability determina-
tion of nano fibrous. In this research, basic (pH = 10), acidic
media (pH = 3), and distilled water (pH = 7) were used
for this purpose. Firstly nano fibrous membrane samples
were weighted and then immersed in mentioned media
overnight. Then, the samples dried at 105°C for 24 h and
weighted. The swelling ratio (S,) was measured using the
following equation [20]:

Ws - Wd
S, W %100 1)

d

2.3.2. Adsorption study

The adsorption behavior of chitosan/PVA/magnetic
nano fibrous membrane was evaluated on Cr®*, Pb**, and Ni?*.
About 0.1 g of membrane was immersed in 20 mL of K,Cr,O,,
NiCl, and Pb(NO,), solutions by using a magnetic stirrer.
The initial concentration of heavy metals ranged between
25-250 mg/L. The pH of the solutions was not changed to
prevent precipitation. The concentration of solutions was ana-
lyzed after different time intervals and measured by using
flame atomic adsorption spectrometer (Thermo scientific, S
series). The amount of heavy metals adsorbed by membrane
was calculated by using the following equation:

CO - Ct
n=(S2C ) @

where V is the volume of solution (L), and m is the mem-
brane weight (g), C, and C, are the initial and equilibrium
heavy metals concentrations (g/L) respectively [21].

3. Results and discussion
3.1. Morphology study

Figs. 2A,B demonstrate TEM image and size distribu-
tion of magnetic nano particles. The mean diameter and
standard deviation of spherical shape magnetic nano par-
ticles was about 7.89 + 0.32 nm. The macroscopic appear-
ance of the electro spun membranes is shown in Fig. 2C. It
can be seen that the color of the nano fibrous membranes
changes from white to brown as the magnetic nano par-
ticles loaded successfully. The surface morphology of the
chitosan/PVA and chitosan/PVA /magnetic nano fibrous
membranes are observed in Fig. 3. Defect-free nano fiber
was obtained from the electro spinning of B, (50:50) solu-
tion. For B, and B, the significant changes in morphology
were observed such as irregular shape and bead forma-
tion. It was clear that both the size and number of beads
increase in B, and B,.

The bead formation affected by some parameters
including low viscosity, high surface tension, high applied
voltage and low molecular weight.

It seems that the formation of beads is strongly influ-
enced by the solution viscoelasticity. Beads and beaded
fibers are high likely to be formed in low viscous solutions
[6,22]. According to Table 1, the applied voltages for B,
B,, B,, and B, solutions were higher than that of B,, which
might be the reason of beads formation with chitosan
increasing content in the blend. Moreover, the proton-
ation of chitosan amino group, leads to viscous solution
and would be the reason of high voltage needed to get the
stretched jet [23]. Based on findings presented in Fig. 3,
uniform and most suitable fibers obtained from chitosan/
PVA (50:50) ratio (B,).

The morphology of electro spun chitosan/PVA/
magnetic nano fibrous membrane was also studied using
FESEM (Fig. 4A). The surface of membrane looks brighter
due to the incorporation of magnetic nano particles in the
nano fibrous. Magnetic nano particles were distributed
uniformly over the nano fiber surface and is the reason of
rough and porous surface fabrication [24]. The magnetic
nano particles as a filler cause an increment in viscosity and
viscoelastic force, which hamper the surface tension of the
chitosan solution to be electro spun [6,24], consequently, the
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Fig. 2. TEM image (A), size distribution histogram of magnetic nanoparticle (B) and color of membranes (C).
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e 200 nm

Fig. 3. (FESEM) image of nanofiber membrane with different ratio of PVA and chitosan.

Table 1
Applied conditions of the blended solutions

Sample Product type Flow rate (mL-h™) Voltage (kV)
B, Fibers 0.40 12
B, Fibers 0.30 13
B, Mostly particles  0.20 14
B, Particles 0.15 16
B Particles 0.10 18

5

bead formation decreases [25]. A strong bonding has been
made between Fe-O group with negative charges and pro-
tonated chitosan by an electrostatic interaction and chemi-
cal reaction through glutaraldehyde cross linking [26].

The elements on the surface of membrane were ana-
lyzed by EDS (Fig. 4B). EDS analysis was applied to confirm
the presence of iron in the membrane. The EDS spectra of

the membrane showed the peaks of O, C, N and Fe which
were four major constituents of chitosan/PVA/magnetic
nano fibrous membrane, confirming the existence of PVA,
chitosan and magnetic nano particles.

A comparison between Fig. 4A and Figs. 5A-C shows
the change in the morphology of membrane after heavy
metals adsorption. It can be seen that the membrane struc-
ture is a little deformed after the heavy metals adsorption.

3.2. XRD analysis

Fig. 6 shows the XRD patterns of chitosan/PVA/
magnetic nano fibrous membrane. A significant peak
at approximately 19.3, in pure PVA is due to the occur-
rence of strong inter- and intra-molecular hydrogen
bonding [22]. Six characteristic peaks of magnetic nano
particles appeared at the (20 = 30.20, 35.58, 42.95, 53.83,
57.42, and 62.93) which were corresponding to the (220),
(311), (400), (422), (511) and (440) crystal planes of pure
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Fig. 5. FESEM images of membrane after adsorption of Pb** (A), Ni** (B), and Cr¢*(C).

magnetic nano particles with a spinel structure, respec-
tively [8]. Moreover, the chitosan peaks around 10° and
20° and PVA peaks around 19.3° and 39° became weak
in the membrane. This result indicated the magnetic
nano particles have been incorporated successfully in the
m embrane without damaging the crystal structure of
nano particles.

3.3. FTIR

To determine the mechanism of bindings, FTIR spec-
tra of the naked PVA, chitosan/PVA, chitosan/PVA cross
linked and chitosan/PVA/magnetic nano fibrous mem-
brane were examined as shown in Fig. 7. The broad band
from 3500 to 3200 cm™ revealed the existence of -NH, and -
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Fig. 6. X-ray diffraction (XRD) spectra of magnetic nano parti-
cles and chitosan/PVA/magnetic nano fibrous membrane.
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Fig. 7. FTIR spectra of chitosan/PVA cross linked, chitosan/
PVA/magnetic NPs membrane.

OH stretching vibrations [27]. The peak at 2935 cm™ was
related to the stretching of -CH- group [28]. The peak at
1670 cm™ assigned to the carbonyl stretching. The peak at
1398 cm™ corresponded to -NH deformation vibration. The
adsorption band at 1090 cm™ indicated the stretching vibra-
tion of the C=0 group [27,29]. The new peak appeared at
578 cm™, which is related to Fe-O group and indicates that
the magnetic nano particles was coated by chitosan [29,30] .
It could be seen that all related peaks of chitosan/PVA cross
linked were also present in the spectrum of membrane.
This result indicated that chitosan/PVA was coated on
magnetic nano particles and the membrane was prepared
successfully.

3.4. Swelling test

Amine groups of chitosan make it hydrophilic and cross
linking improves the swelling property of membranes and

4.5 M Chitosan/PVA
4.0 4 # Crosslinked
3.5 ‘Membrane

3.0 -

2.5

Stress (MPa)
g
=

1.5+

0 10 20 30 40
Strain (%)

Fig. 8. Typical stress—strain curves of the chitosan/PVA, chi-
tosan/PVA cross linked and chitosan/PVA/magnetic nano fi-
brous membrane.

enhance their perm-selectivity and stability [31]. Swelling
test was carried out for overnight in distilled water, acidic
and basic media on chitosan/PVA /magnetic nano fibrous
membrane. Experiments were repeated two times. All
media showed no changing in weight and no aggregation.
Cross linking should be necessary to reinforce the chemical
stability of membrane [32].

3.5. Mechanical properties

Fig. 8 shows typical stress—strain curves of membranes.
It was observed that by glutaraldehyde cross linking, the
chitosan/PVA membrane became rigid with less flexibility
due to covalently chains linkage [33], and its ultimate tensile
strain decreased. The result was similar to the effect of cross
linking on mechanical properties of PLGA—chitosan/PVA
and chitosan/collagen blends [34,35]. Based on obtained
results, glutaraldehyde cross linking improved tensile
strength and decreases tensile strain of the membrane.

Moreover, Fig. 8 made it clear that the chitosan/PVA
magnetic nano fibrous membrane exhibited no significant
difference on the average ultimate tensile stress and ulti-
mate strain. These results are same as reported results in
Wei et al., published research [36].

3.6. Adsorption study
3.6.1. Adsorption kinetics

The kinetic parameters are helpful for investigation
the adsorption mechanism and also adsorption rate,
which gives important information about the efficiency
of adsorption. Two most commonly kinetic models, pseu-
do-first and second-order (Fig. 9), were used to analysis
the experimental data to understand the dynamics of the
adsorption process and their kinetic model equations are
expressed as [37]:
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Fig. 9. Kinetic study of heavy metal ions.

Table 2
Kinetics parameters for adsorption of cations on membrane

Pseudo first-order Pseudo second-order

Cation g, (mg/g) K, (1/min) R? q,(mg/g) K, R?
Ni (II) 496 0.059 0946 12.506 0.005 0.999
Pb (II) 1.01 3.994 0.755 25.65 0.002 0997
Cr (VI) 6.69 0.076 0.366 15.50 0.001 0.995
1 1
L ®)
qt qct qc

)

to1 ( 1 ]
_ = — +| —
a kg 4.
where k, is the pseudo-first-order rate constant of adsorp-
tion (h™ ); k, is the pseudo-second-order rate constant of
adsorption (g/mg h); and g is the ion adsorption amounts
at equilibrium and g, is the ion adsorption amounts at any
time, (mg/g). The slopes of the linear equations can be used
for calculation the values of k; and k, [29]. The correlation
coefficient (R?) and rate constants of the kinetic models are
listed in Table 2.

Based on the obtained R? the kinetic experimental data
could be fitted better by pseudo second order adsorption
and indicates that adsorption process was dependent on
ion concentration, and chemical sorption involving valence
forces through electron sharing or exchange between adsor-
bent and adsorbate was the rate-controlling step [38].

From Table 2, due to very low values of correlation coef-
ficients (R?), the pseudo-first-order model was not suitable
to interpret the adsorption mechanism. In this model, (R?)
for heavy metal ions vary in the range of 0.36-0.94.

Chitosan has one amino group and two hydroxyl groups
per unit of glucosamine [39]. It was assumed that the oxy-
gen atom of the hydroxyl groups in both PVA and chitosan
and nitrogen atom of amino group in chitosan acted as
heavy metal ions adsorption sites. Oxygen and nitrogen
atoms have lone pair of electrons which can be bind with
positively charged ions through the sharing of electron pair.
The nitrogen atoms can release lone pair electron easily and
it makes them the main binding site to form stable metal
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complexes [40]. Moreover, magnetic nano particles have
high surface area and increase the ability of membrane in
heavy metal adsorption. It is well known that electrostatic
attraction and coordination, between metal ions and adsor-
bent is the adsorption mechanism and magnetic nano parti-
cles plays significant role in this process [3].

3.6.2. Adsorption isotherms

The adsorption data were analyzed with the help of
derived linear form of Langmuir isotherm and Freundlich
isotherm models, expressed by the Eqns. (5) and (6), respec-
tively. The adsorption isotherm models describe the interac-
tion of adsorbate with adsorbents. Langmuir Isotherm uses
to describe the adsorption on completely homogeneous
surfaces with negligible interaction between adsorbed mol-
ecules. It is represented as:

c, C 1
—_— = —
9. 9. b,

where g, is the equilibrium adsorption capacity of ions on
the adsorbent (mg g™), C, is the equilibrium ions concen-
tration in solution (mg L™), g, is the maximum capacity of
the adsorbent (mg g™) and b is the Langmuir adsorption
constant (mg L™) [41].

Freundlich isotherm can be applied for heterogeneous
surfaces and multilayer sorption. It is expressed as:

©)

logg, =logK; +%logC5 6)
where K, and # are the Freundlich constant (mg L™) and
heterogeneity factor respectively. Meanwhile, equilibrium
capacity q, and C_are defined as above [42].

Langmuir isotherm describes that intermolecular forces
decrease rapidly with distance and thus lead to the cover-
age of adsorbent by mono layer of adsorbate. Moreover, it is
expected that once an adsorbate ions occupy the adsorbent
available sites, no more adsorption take place at that site
[40,43]. On the other hand, in Freundlich model, itis assumed
that the heterogeneous system and reversible adsorption and
not restricted to the mono layer formation [44].

By plot of obtained data into linearized form of Lang-
muir and Freundlich isotherms, various R? and constant are
presented in Table 3. Based on the R* values, the linear form
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of the Langmuir isotherm appears most suitable model for
the adsorption of heavy metal ions onto chitosan/PVA/
magnetic nano fibrous membrane. The Langmuir isotherm
of Ni**, Pb**and Cr®* ions is shown in Fig. 10.

3.6.3. Effect of initial concentration of adsorbate

One of the most important parameter in adsorption pro-
cess is the initial concentration of adsorbate. In this study, we
have varied the initial concentration of the adsorbate from
25 to 250 mg/L. The batch experiments were carried out
at room temperature by using 20 ml of heavy metals solu-
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the available adsorption sites on the chitosan/PVA/mag-
netic nano fibrous membrane are decreased [6,44].

The maximum removal of Pb* was 100% at 25 mg/L
and lowest was 60% at 250 mg/L. The highly favourable
active sites were involved in the removal process of Pb*".
The maximum and minimum removal of Cr® was 98% and
39% at 25 and 250 mg/L respectively. According to this fig-
ure, the adsorption efficiency started to drop after reach-
ing around 125 mg/L. In the case of Ni*, the maximum
removal percentage was almost 100% at 25 mg/L and the

tions and adsorbent dose of 0.1 g. Fig. 11 shows the effect —=— Pb (I
of initial concentration on the removal of heavy metal ions. 10090 % )

: ) ‘ o —e— Cr (VD)
Chitosan/PVA /magnetic nano fibrous membrane was an 90+ A o Ni I
effective adsorbent over a wide range of heavy metal ions. 3 804 A —4— Nidh
It is observed from this Fig. that the removal percentage of < ",
heavy metal ions decreased with the increment in the initial g 701 ]
concentration of heavy metal ions. At higher concentration, £ 601 A .

& 507 .
Table 3 407 .
Isotherm parameters for adsorption of cations on membrane 301 L,
Freundlich constants Langmuir constants 20 1
H ~ ~ 10 L] L] L] L] L] L] L] L]
Cation  K(mgg") n R q,(mgg? b R 25 75 100 125 150 175 200 250
Nidl) 1.22 352 093 4.34 0.294 098 Concentration (mg/L)
Pb (I) 398 185 092 24.66 0.005 097
Cr(VI) 178 1206 091 33.67 0.036  0.99 Fig. 11. Effect of initial concentration of heavy metals on remov-
al percentage.
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Fig. 10. Langmuir adsorption isotherm of chitosan/PVA /magnetic nanofibrous membrane.
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lowest was 22% at 250 mg/L. The selectivity sequence of
Pb* > Cr® > Ni* adsorption was observed on nano fibrous
membrane. The differences in the radius of Cr®*, Ni** and
Pb* ions have significant influence on adsorption efficiency.
The heavy metal removal efficiency followed the decreasing
order: Pb* > Cr®* > Ni**. Since the radius of Pb* (1.32 A) is
noticeably bigger than Ni?* (0.69 A) and Cr (VI) (0.52 A) and
the hydration of Pb* is more difficult compared to Cr®* and
also forming a larger water layer on the surface. As a result,
Ni** and Cr® are more moving in solution and would have
a lesser tendency to adsorb on the membrane [3]. Moreover,
charge density decreases with increasing the heavy metal
ionic radius, so the availability of active sites to react with
nano fibrous membranes for adsorption of heavy metals
also decreases. This process leads to decreasing adsorption
capacity of different heavy metal ions through increasing
the ionic radius [6,45].

4. Conclusion

In this research, chitosan/PVA /magnetic electro spun
nano fibrous membrane was successfully fabricated via
electro spinning technique. The nano fibrous membrane
was characterized with FESEM, XRD, EDX, FTIR spectros-
copy, swelling test, and adsorption test. The adsorption
capacity of nano fiber was studied over Cr®, Pb*, and Ni*
ions in different initial concentrations. The resulting nano
fibrous membrane showed stability in distilled water,
acidic, and basic media overnight swelling experiment.
Equilibrium isotherm data fitted well with Langmuir iso-
therm data. The heavy metal ions adsorption can be well
described by the pseudo-second-order kinetic model. The
adsorption rate was significantly high and the results
showed the efficient adsorption at moderate heavy metal
ions concentration. Finally the metals affinity to the nano-
fibrous membrane was found to be in the sequence of Pb**
> Cré* > Ni*.

Acknowledgment

The author would like to thank University of Malaya
(Research Grant RP034A-15AET) and Ministry of higher
Education (MOHE FP026-2014B) for the financial support.

References

[1] B.Li, F. Zhou, K. Huang, Y. Wang, S. Mei, Y. Zhou, T. Jing, Envi-
ronmentally friendly chitosan/PEI-grafted magnetic gelatin
for the highly effective removal of heavy metals from drinking
water, Sci. Rep., 7 (2017) doi: 10.1038/srep 43082.

[2] MK. Uddin, A review on the adsorption of heavy metals by
clay minerals, with special focus on the past decade, Chem.
Eng. J., 308 (2017) 438—462.

[3] K. Kalantari, M.B. Ahmad, H.R.F. Masoumi, K. Shameli,
M. Basri, R. Khandanlou, Rapid and high capacity adsorption
of heavy metals by Fe,O,/montmorillonite nano composite
using response surface methodology: Preparation, character-
ization, optimization, equilibrium isotherms, and adsorption
kinetics study, J. Taiwan. Inst. Chem. Eng., 49 (2015) 192-198.

[4] AR Kul, H. Koyuncu, Adsorption of Pb (I) ions from aqueous
solution by native and activated bentonite: kinetic, equilib-
rium and thermodynamic study, J. Hazard. Mater., 179 (2010)
332-339.

[5] H. Karaer, I. Kaya, Synthesis, characterization and using at
the copper adsorption of chitosan/polyvinyl alcohol magnetic
composite, ]. Mol. Liq., 230 (2017) 152-162.

[6] U. Habiba, A.M. Afifi, A. Salleh, B.C. Ang, Chitosan/(polyvi-
nyl alcohol)/zeolite electro spun composite nano fibrous mem-
brane for adsorption of Cr®*, Fe** and Ni*, J. Hazard. Mater.,
322 (2017) 182-194.

[71 Z-M. Huang, Y.-Z. Zhang, M. Kotaki, S. Ramakrishna,
A review on polymer nano fibers by electro spinning and their
applications in nano composites, Compos. Sci. Technol., 63
(2003) 2223-2253.

[8] HY. Zhu, Y.Q. Fu, R. Jiang, J. Yao, L. Xiao, G.M. Zeng, Novel
magnetic chitosan/poly (vinyl alcohol) hydrogel beads:
Preparation, characterization and application for adsorption
of dye from aqueous solution, Bioresour. Technol., 105 (2012)
24-30.

[9] G.L. Dotto, L.A.A. Pinto, Adsorption of food dyes onto chi-
tosan: Optimization process and kinetic, Carbohydr. Polym.,
84 (2011) 231-238.

[10] G. Crini, Non-conventional low-cost adsorbents for dye
removal: a review, Bioresour. Technol., 97 (2006) 1061-1085.

[11] J. Wang, C. Chen, Chitosan-based biosorbents: modification
and application for biosorption of heavy metals and radio
nuclides, Bioresour. Technol., 160 (2014) 129-141.

[12] L. Wang, A. Wang, Adsorption properties of Congo Red from
aqueous solution onto surfactant-modified montmorillonite, J.
Hazard. Mater., 160 (2008) 173-180.

[13] SJ.Kim, SJ. Park, S.I. Kim, Swelling behavior of interpenetrat-
ing polymer network hydrogels composed of poly (vinyl alco-
hol) and chitosan, React. Funct. Polym., 55 (2003) 53-59.

[14] S. Talebian, A. Afifi, H. Khanlou, Fabrication and character-
isation of chitosan/poly vinyl alcohol nano fibres via electro
spinning, Mater. Res. Innovations, 18 (2014) 56-331-S336-335.

[15] S. Talebian, M. Mehrali, S. Mohan, M. Mehrali, HM. Khan-
lou, T. Kamarul, A.M. Afifi, A.A. Abbas, Correction: Chitosan
(PEO)/bioactive glass hybrid nano fibers for bone tissue engi-
neering, RSC Adv.,, 5 (2015) 5054-5054.

[16] R. Solaro, A. Corti, E. Chiellini, Bio degradation of poly (vinyl
alcohol) with different molecular weights and degree of hydro-
lysis, Polym. Adv. Technol., 11 (2000) 873-878.

[17] W.C. Kao, J.Y. Wu, C.C. Chang, ].S. Chang, Cadmium biosorp-
tion by polyvinyl alcohol immobilized recombinant Esche-
richia coli, J. Hazard. Mater., 169 (2009) 651-658.

[18] AH. Lu, E.eL. Salabas, E. Schiith, Magnetic nano particles:
synthesis, protection, functionalization, and application,
Angew. Chem. Int. Ed., 46 (2007) 1222-1244.

[19] H.M. Khanlou, B.C. Ang, S. Talebian, M.M. Barzani, M. Silak-
hori, H. Fauzi, A systematic study of maghemite/PMMA
nano-fibrous composite via an electro spinning process: Syn-
thesis and characterization, Measurement, 70 (2015) 179-187.

[20] S.N. Alhosseini, F. Moztarzadeh, M. Mozafari, S. Asgari,
M. Dodel, A. Samadikuchaksaraei, S. Kargozar, N. Jalali, Syn-
thesis and characterization of electro spun polyvinyl alcohol
nano fibrous scaffolds modified by blending with chitosan
for neural tissue engineering, Int. ]. Nano medicine., 7 (2012)
25-34.

[21] M. Kobya, E. Demirbas, E. Senturk, M. Ince, Adsorption of
heavy metal ions from aqueous solutions by activated carbon
prepared from apricot stone, Bioresour. Technol., 96 (2005)
1518-1521.

[22] M.S. Islam, M.S. Rahaman, JH. Yeum, Electro spun novel
super-absorbent based on polysaccharide—polyvinyl alcohol-
montmorillonite clay nano composites, Carbohydr. Polym., 115
(2015) 69-77.

[23] H. Fong, D.H. Reneker, Elastomeric nano fibers of sty-
rene-butadiene-styrene triblock copolymer, J. Polym. Sci. Part
B Polym. Phys., 37 (1999) 3488-3493.

[24] S.S. Homaeigohar, M. Elbahri, Novel compaction resistant and
ductile nano composite nano fibrous micro filtration mem-
branes, J. Colloid Interface Sci., 372 (2012) 6-15.

[25] H. Fong, I. Chun, D. Reneker, Beaded nano fibers formed
during electro spinning, Polymer, 40 (1999) 4585-4592.



(26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

(35]

K. Kalantari et al. / Desalination and Water Treatment 98 (2017) 266-275

Q. Peng, Y. Liu, G. Zeng, W. Xu, C. Yang, ]. Zhang, Biosorp-
tion of copper (II) by immobilizing Saccharomyces cer-
evisiae on the surface of chitosan-coated magnetic nano
particles from aqueous solution, ]. Hazard. Mater., 177
(2010) 676—682.

Y. Zhu, J. Hu, ]. Wang, Removal of Co** from radioactive waste-
water by polyvinyl alcohol (PVA)/chitosan magnetic compos-
ite, Prog. Nucl. Energy., 71 (2014) 172-178.

S. Puvaneswary, S. Talebian, H.B. Raghavendran, M.R. Murali,
M. Mehrali, A.M. Afifi, N.H.B.A. Kasim, T. Kamarul, Fabrica-
tion and in vitro biological activity of PTCP-Chitosan-Fucoidan
composite for bone tissue engineering, Carbohydr. Polym., 134
(2015) 799-807.

Y.H. Xie, YL. Wu, Y.H. Qin, Y. Yi, Z. Liu, L. Lv, M. Xu, Evalu-
ation of perchlorate removal from aqueous solution by cross-
linked magnetic chitosan/poly (vinyl alcohol) particles, J.
Taiwan. Inst. Chem. Eng,, 65 (2016) 295-303.

GY. Li, Y.R. Jiang, K.L. Huang, P. Ding, L.L. Yao, Kinetics of
adsorption of Saccharomyces cerevisiae mandelated dehydro-
genase on magnetic Fe,0,~chitosan nano particles, Colloids.
Surf. A: Physicochem. Eng. Asp., 320 (2008) 11-18.

Y.L. Liu, YH. Su, K.R. Lee, Y. Lai, Cross linked organic-inor-
ganic hybrid chitosan membranes for pervaporation dehydra-
tion of isopropanol-water mixtures with a long-term stability,
J. Membr. Sci., 251 (2005) 233-238.

WMW. Ngah, C. Endud, R. Mayanar, Removal of copper (II) ions
from aqueous solution onto chitosan and cross-linked chi-
tosan beads, React. Funct. Polym., 50 (2002) 181-190.

E.S. Costa-Janior, E.F. Barbosa-Stancioli, A.A.P. Mansur,
W.L. Vasconcelos, H.S. Mansur, Preparation and characteriza-
tion of chitosan/poly(vinyl alcohol) chemically cross linked
blends for biomedical applications, Carbohydr. Polym., 76
(2009) 472-481.

B. Duan, X. Yuan, Y. Zhu, Y. Zhang, X. Li, Y. Zhang, K. Yao, A
nano fibrous composite membrane of PLGA—chitosan/PVA pre-
pared by electro spinning, Eur. Polym. J., 42 (2006) 2013-2022.
M. Taravel, A. Domard, Collagen and its interactions with
chitosan: III. Some biological and mechanical properties,
Biomaterials, 17 (1996) 451-455.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

275

Y. Wei, X. Zhang, Y. Song, B. Han, X. Hu, X. Wang, Y. Lin, X.
Deng, Magnetic biodegradable Fe,O,/CS/PVA nano fibrous
membranes for bone regeneration, Biomed. Mater., 6 (2011)
055008.

Y.Q. Feng, ZY. Liang, S.X. Meng, Adsorption of urea nitrogen
onto chitosan coated dialdehyde cellulose under biocatalysis
of immobilized urease: equilibrium and kinetic, Biochem.
Eng.J., 24 (2005) 65-72.

G. Bayramoglu, B. Altintas, M.Y. Arica, Adsorption kinetics
and thermodynamic parameters of cationic dyes from aque-
ous solutions by using a new strong cation-exchange resin,
Chem. Eng. J., 152 (2009) 339-346.

HY. Zhu, R. Jiang, L. Xiao, W. Li, A novel magnetically sep-
arable-FeZOS/cross linked chitosan adsorbent: Preparation,
characterization and adsorption application for removal of
hazardous azo dye, ]. Hazard. Mater., 179 (2010) 251-257.

M. Kumar, B.P. Tripathi, VK. Shahi, Cross linked chitosan/
polyvinyl alcohol blend beads for removal and recovery of Cd
(II) from wastewater, J. Hazard. Mater., 172 (2009) 1041-1048.
A. Mahapatra, B. Mishra, G. Hota, Electrospun Fe,0,-Al,0,
nano composite fibers as efficient adsorbent for removal of
heavy metal ions from aqueous solution, ]. Hazard. Mater., 258
(2013) 116-123.

F. Ge, MM. Li, H. Ye, B.X. Zhao, Effective removal of heavy
metal ions Cd?*', Zn?*, Pb**, Cu?** from aqueous solution by poly-
mer-modified magnetic nano particles, J. Hazard. Mater., 211
(2012) 366-372.

J. Ng, W. Cheung, G. McKay, Equilibrium studies for the sorp-
tion of lead from effluents using chitosan, Chemosphere, 52
(2003) 1021-1030.

S. Chatterjee, S. Chatterjee, B.P. Chatterjee, A.K. Guha, Adsorp-
tive removal of congo red, a carcinogenic textile dye by chi-
tosan hydrobeads: Binding mechanism, equilibrium and
kinetics, Colloids. Surf. A: Physicochem. Eng. Asp., 299 (2007)
146-152.

M. Aliabadi, M. Irani, J. Ismaeili, H. Piri, M.J. Parnian, Electro
spun nano fiber membrane of PEO/Chitosan for the adsorp-
tion of nickel, cadmium, lead and copper ions from aqueous
solution, Chem. Eng. J., 220 (2013) 237-243.



