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ABSTRACT
Biopolymer chitosan has several desirable properties, including its abundance in nature,
Received 12-8-2023 low cost, adaptable structure, diverse functional groups, high adsorption capacity,
Revised 15-10-2023 biocompatibility, and lack of environmental impact. It may be processed into many
Accepted 5-11-2023 different forms, all of which exhibit numerous features linked to membranes, and ranks as

the second most common biopolymer. Chitosan is made from recycled mussel shells. The
© 2023 by Author(s) and PSERJ.  study discussed here covers the development and characterization of fibers and adsorbent
membranes based on a chitosan/polyvinyl alcohol (CS/PVA) blend for heavy metal
This is an open access article reémoval and desalination. The resulting membrane was compared to a composite
licensed under the terms of the membrane formed by grafting PVA and Chitosan onto the CA-RO membrane. Two

Creative Commons Attribution  gifferent membranes are compared to the Chitosan/Poly vinyl alcohol (CS/PVA)
International License (CC BY

40). electrospun nano fibers that they create. Electrospinning was utilized to make nanofibers
http://creativecommons.ora/licen Of CS/PVA. Two distinct types of Chitosan/PVA membrane were produced: one by
ses/by/4.0/ blending chitosan and polyvinyl alcohol at a vol/vol ratio of 50/50, and the other by
grafting PVA and Chitosan onto a CA-RO membrane. Heavy metal removal and

desalination performance of both membranes were assessed. The crystallinity of the

=y membrane and its structural properties was examined using scanning electron microscopy

(SEM), X-ray powder diffraction (XRD), and infrared spectroscopy (FTIR). Electrospun
fibers were found to be nanosized in scanning electron micrographs. Unlike the composite,
which appeared smooth and homogenous in SEM micrographs, the CS/PVA membrane's
surface is similar to that of fibers. When the composite membrane was cut in half, several
grafted pores became visible. In the case of copper, chromium, and zinc ions, the CS/PVA
membrane performed well for heavy metal removal. It also performed well in terms of salt
removal. In both heavy metal and salt removal, however, composite membrane
outperformed CS/PVA membrane.

Keywords: Chitosan fibers, Electrospinning, Chitosan/PVA membranes,
Composite membranes, desalination, heavy metals.

in nature [2]. It is mostly obtained from the

1 INTRODUCTION exoskeletons of crustaceans, insects, and mollusks as
) well as the cell membranes of microorganisms [3].

Natural polysaccharides have long been used Chitin may be challenging to extract since it is an
because to their exceptional biocompatibility and insoluble biopolymer with a large molecular weight
biodegradability [1]. Chitin is a naturally occurring [4]. Additionally, chitosan is used in a variety of
polysaccharide that has outstanding bioactivities and industries while using up to 15% less energy than
is thought to be the second most common biopolymer other industrial materials [5-6]. There has been a
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tremendous increase in research and development in
the field of chitin/chitosan and its uses in recent years
[4-8]. This promotes the development of novel
products and the usage of chitin/chitosan in a wide
range of industries [9]. Chitin/chitosan has been
effectively used and employed in a variety of
industries, including petrochemicals, pharmaceuticals,
and nanotechnology [9]. Nanofibers offer incredible
properties such as high surface area-to-volume ratio,
good permeability, and extremely small hole sizes
[10-11]. Chitosan-synthetic polymer blends are a
feasible  method  for  generating  synthetic
biodegradable polymers with different properties such
as high- water absorbance and improved mechanical
properties while keeping biodegradability [3].
Chitosan has also been combined with appropriate
polymers such as cellulose acetate, acrylonitrile
butadiene styrene, and polyvinyl alcohol to produce
highly reactive and stable membranes [11]. The
widespread usage of polyvinyl alcohol (PVA), a very
hydrophilic and CS-compatible polymer, has
improved the mechanical and chemical properties of
chitosan membranes [5]. Aside from porosity and
form, nanostructures can improve the sorption
properties of chitosan membrane adsorbents [12].
Numerous molecules of matter have been electrically
spun into nano scale fibres demonstrating the
technique's efficiency in producing submicron-sized
fibres. Surface charge is formed on a polymer fluid
when a field of electricity is applied across the tip of
the needle and the collecting surface, causing a
sphere-shaped droplet to deform in a cone-like form.
The provided fluid stream discharges as the field of
electricity exceeds the repulsion caused by
electrostatic force [13]. High concentration of
electrical charges on the surface encourages the
sprayed solution to break down creating a highly
stretched polymeric fiber and the solvent evaporates
quickly. Electrical voltage used, distance between tip
and collector, input flow rate, and the properties of the
polymer solution injected are all important
electrospinning features [14]. This study has multiple
objectives, including the following: Chitosan must
first be made from mussel shells, then both CS and
PVA fibers must be electrospun, followed by both CS
and PVA membrane, and finally a composite
membrane made by grafting PVA and Chitosan onto
the CA-RO membrane (CS/PVA-CA-RO). Fourth, use
rheological study of fibers and combine techniques
like FTIR spectral analysis, scanning electron
microscopy (SEM), and X-ray diffraction (XRD).
Lastly, to examine the efficiency of both (CS/PVA)
membrane and (CS/PVA- CA-RO) membranes in
desalination and the removal of heavy metals.

2 MATERIALS AND METHODS

2.1 Materials

Mussel shells purchased from fish market. Acetic
acid (glacial 100%, pro analyzed), Sodium hydroxide,
Poly vinyl alcohol (PVA), Potassium persulphate,
Copper salt, Chromium salt, and Zinc salt, all were
purchased from El Gomhouria Company for Trading
Chemicals and Medical Appliances, a local company

in Egypt.

2.2 Preparation of Chitosan from Mussel
Shells

In order to obtain chitin, mussel shells were
procured at the fish market, cleaned, and dried. To
make chitosan, mussels were soaked in a 40%
concentrated NaOH solution for two hours at 60° C,
where the chitin in the mussels was deacetylated.
After obtaining chitosan, it was cleaned with distilled
water until it had a pH close to neutral (and was
therefore devoid of alkali), and then it was allowed to
dry overnight at room temperature. The chitosan was
crushed and pulverized before being prepared for
acetic acid dissolution.

2.3 Preparation of Chitosan/Poly (Vinyl
Alcohol) fibers of electrospinning

Using a syringe pump, a commercially available
syringe equipped with a steel needle was filled with
chitosan-PVA solution at a rate of 0.8 mL per hour.
This rate was maintained throughout the
electrospinning procedure until a stable Taylor cone
was obtained. The voltage DC generator was utilized
to create voltage up to 22kV. To investigate the
impact of voltage on the produced fibers, the voltage
was changed to 28 kV. The cathode of the power
supply was coupled to the collector, made up of a
plate of copper wrapped in aluminium foil and
situated 14 cm away from the tip of the needle. The
power supply's anode was linked to the syringe's
needle. The electrospun samples were stored in a silica
gel-filled desiccator until analysis.

2.4 Preparation of Chitosan/Poly (Vinyl
Alcohol) Blended Films

To create a 10 g L-1 chitosan solution, five
grammes of chitosan were mixed in 500 mL of 2%
acetic acid, gently stirred, and heated at roughly 60
9 C overnight. After that, the solution was filtered to
get rid of any remaining dust and contaminants. To
eliminate air bubbles, the solutions were kept at room
temperature for two hours.

104



Same amount of PVA, 5 g, was dissolved in 500
mL of warmed, ultrapure water to create a 10 g L-1
solution. After that, the mixture was mixed and held at
roughly 800° C for two hours.

A blended solution of chitosan-PVA (CS/PV) with a
ratio of (50/50% vol) was formed by adding 35 ml of
PVA solution drop by drop to 35 ml of chitosan
solution, kept on a magnetic stirring device at about
94° C and whirled at a moderate speed for 30 minutes.
Homogeneous (CS/PVA) solution films were made by
pouring specified amounts of the solution into
polystyrene Petri plates and drying at 60° C. The films
were peeled off and stored in an evacuated desiccator.

2.5 Preparation of a composite of cellulose
acetate-reverse osmosis (CA-RO) membrane
and Chitosan-PVA (CS/PVA) solution

For five minutes, sodium hydroxide (0.04%) was
applied to the top of the CA-RO membranes to
partially deacetylate them. After thoroughly cleaning
the membranes with deionized water, potassium
persulfate (1.5 wt%) was applied drop-by-drop to the
top surface of the CA-RO membrane for 10 minutes.
For the grafting reaction to occur, PVA and Chitosan
solution (50/50 % vol) were applied to the CA-RO
membrane surface for 10 mins at room temperature. To
get rid of unreacted compounds, deionized water was
used to wash the functionalized CA-RO membranes
several more times. The membranes were then
thermally treated for 30 minutes at 75 ° C.

1.1.1. Application of CS/PVA membrane and
CA-RO/CS/PVA composite in heavy metal
removal

Three separate heavy metal solutions (copper,

chromium, and zinc) were created in 100 mL solutions
with a concentration of 3 ppm each in order to test the
constructed membranes' ability to adsorb the metals.
Atomic absorption spectroscopy was used to
determine the filtrate's residual concentration after the
solution had passed through each membrane
independently.

2.6 Application of CS/PVA membrane and
CA-RO/CS/PVA composite in
desalination

To examine both prepared membranes' capacity for
desalination, A 156 g/L salt solution was made, and its
conductivity was assessed both before and after
membrane application.

3 RESULTS AND DISSUCTIONS

3.1 FTIR analysis of Chitosan-PVA
membrane (50/50 % vol):

Figure 1 displays the FTIR spectra of the created
Chitosan-PVA membrane (50/50 vol%). The figure
shows the distinctive peaks of polymers at 1087cm-1,
3309 cm-1, and 2379 cm-1 due to C-O stretch, N-H
stretch, and C-H stretch, respectively, which validates
the presence of both PVA and chitosan in the
membrane [15]. In the range of 3300-3500 cm-1, a
prominent peak may be seen as one broad band and is
attributable to the stretching vibration of O-H groups.
The symmetric and asymmetric stretching vibration of
C-H groups is related to the 2830-2930 cm-1 peak.
The stretching vibration of CO, which emerges with a
wavelength of 1708 cm-1, belongs to the carbonyl and
carboxyl groups. Chitosan NH2 and polyvinyl
alcohol's OH group stretching vibrations are related to
the wavelength of 3360 cm-1. While the CO bonds of
polyvinyl alcohol and chitosan and the CN bonds of
chitosan are connected, the stretching vibration of CH
appeared at 2935 cm-1, and [16] at 1089 cm-1.

Figure 1: FTIR analysis of Chitosan-PVA membrane
(50/50 vol%)

3.2 FTIR analysis of Chitosan-PVA pure
solution (50/50 vol%):

The pure solution of chitosan-PVA (50/50 vol%) is
analysed using FTIR in Figure 2. The stretching
vibration of O-H groups is responsible for the strong
peak that manifests as a single broad band in the range
of 3300-3500 cm-1; the stretching vibration of
polyvinyl alcohol's OH group and chitosan's NH, are
both related to the wavelength of 3360 cm-1. The
presence of both PVA and chitosan in the membrane
can be seen by the distinctive polymer peaks at 1087
cm-1, 3309 cm-1, and 2379 cm-1, which are caused,
respectively, by C-O stretch, N-H stretch, and C-H
stretch.
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Figure 2: FTIR analysis of Chitosan-PVA pure
solution (50/50 vol%o)

3.3 FTIR analysis of CA-RO/CS/PVA
composite membrane:

Figure 3 displays the FTIR spectra of the created
CA-RO/CS/PVA composite membrane. The oxidation
of the primary alcohols of native cellulose is
confirmed by a prominent peak at 1734 cm-1 that
corresponds to the carbonyl group, as can be seen in
the figure. The CS/PVA membrane does not exhibit
this band.
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Figure 3: FTIR analysis of CA-RO/CS/PVA composite
membrane

3.4 FTIR analysis of CA-RO membrane:

The FTIR spectra of the CA-RO membrane is
shown in Figure 4. The figure displays three peaks. A
strong peak in the O-H groups, with a range of 3300-
3500 cm-

1, A peak corresponding to C=0 between 1760 and
1690 cm-1, followed by a peak for C=C at around
1600 cm-1.
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Figure 4: FTIR analysis of CA-RO membrane

3.5 SEM micrographs:

35.1 SEM micrographs of CS/PVA
electrospun fibers:

Figure 5 depicts micrographs of CS/PVA
electrospun fibers utilizing a 30/70 volume ratio of
Chitosan-PVA solution in millimeters, a collector
distance of 14 cm from the tip of the needle, a flow
rate of 0.8 mL/hr using a syringe pump, and a voltage
of 22 KV. The fibers are homogenous, with no thin or
thick ones, and are in the nano range. These tests were
carried out on aluminum foil.

(@) (b)

(©

Figure 4: Micrographs of CS/PVA fibers (30/70) volume
ratio with a voltage of 22k V, 14 cm collector distance,
and a flow rate of 0.8 mL/h; a) at 5 um, b) at 1 pm, and
¢) at 1um including diameters

Figure 6 depicts micrographs of CS/PVA
electrospun fibers made using the same prior solution
(30/70 volume ratio in millimetres), the same collector
distance (14 cm from the tip of the needle), the same
flow rate (0.8 mL/hr), and a different voltage of 28 kV
instead of 22kV. The deposited fibers increased in size
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as the electrospinning voltage increased; very few
flaws and a relatively uniform morphology can be
seen. In the case of high voltage, the fiber diameter is
smaller than in the case of low voltage, and it is also
smaller in the nano range.

@ (b)

(©)
Figure 6: Micrographs of CS/PVA fibers (30/70) volume
ratio with a voltage of 28 k V, 14 cm collector distance,

and a flow rate of 0.8 mL/h; a) at 5 um, b) at 1um, and at
1um including diameters

35.2 SEM micrographs of CS/PVA
membranes (50/50 %vol):

The cross-section morphology and surface
properties of membrane adsorbents are commonly
studied using SEM [17]. Figures 7 and 8 display, for a
sample containing CS/PVA (50/50 % vol), SEM
images of the top surface and the cross- sectional area
of the membrane, respectively. The micrograph of the
membrane surface looks like that of the fiber, as can
be observed in the pictures. The presence of hydrogen
bonds between the functional groups of the blended
component was the primary factor in the creation of
CS and PVA fiber blends (-OH and —NH2 groups in
CS, and —OH groups in PVA).

@) (b)

Figure 7: Micrographs of the surface of CS/PVA
membranes (50/50 %vol); a) at 100um, b) at 200pum

Figure 8: cross section of the CS/PVA membrane (50/50
%vol)

Figures 9.a and 9.b show the CS/PVA membrane's
bottom surface at 100 and 200 micrometers,
respectively. Figures depict how the membrane looks
like fiber, complete with a formation of uniform CS
and PVA blends.

@ (b)

Figure 9: Micrographs of the bottom of CS/PVA
membranes (50/50 %ovol) at100 um; a) at 100 um, b)
200 pm

3.5.3 SEM micrographs of CS/PVA membrane
and CA-RO/CS/PVA composite membrane

To enable the grafting process, PVA and Chitosan
solution (50/50 vol%) were applied to the CA-RO
membrane surface. Figures 10, 11, and 12 depict,
respectively, the composite membrane's surface, cross
section, and bottom. It is obvious that the composite
surface is uniform, smooth, and free of visible pores or
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domains, as shown in Figure 10, demonstrating good
compatibility between cellulose acetate and CS/PVA.
Contrary to what is seen in the CS/PVA membrang,
neither the bottom nor the surface appears to be made
of fibers. Cross-sectional area of the composite as
shown in Figure 11, demonstrates channels in the
membrane that develop as a result of grafting CS/PVA
membrane and CA-RO/CS/PVA membrane, which are
not visible in CS/PVA membrane. There are several
pores at the bottom of the membrane as shown in
Figure 12, whereas there are none on the CS/PVA
membrane.

Figure 10: Micrographs of the surface of composite
membrane

Figure 12: Micrographs of the bottom of composite
membrane

3.6 X-ray diffraction (XRD)

The sample was subjected to an X-ray diffraction
(XRD) investigation utilizing a Rigaku, (Model: D/B
max) X-ray diffractometer with a Cu-K
monochromatic radiation at a set operating voltage
and current of 30 mA. At room temperature, all
analyses were performed using a 2-second scan from
20 to 90 degrees. The data collecting step size was
0.050, with a scanning rate of 1.80.min-1. On a
double-faced adhesive tape, the powder was equally
distributed before being applied to the sample holder.
After that, the holder was put inside the chamber to
measure the peaks' angular distribution using X-ray
diffraction (XRD). Using the Jade software, the
captured patterns were compared to a comparable
standard file. Early research revealed that a
characteristic of a pure CS sample film is the presence
of two distinct crystalline peaks at 2 = 15.10 and
20.90. According to Figure 13.a [18-19], these
crystalline peaks at 15.10 and 20.90 correspond to the
reflection planes of (110) and (220), respectively. The
intramolecular and intermolecular hydrogen bonds,
which represent an average intermolecular distance of
the crystalline sections of CS, are primarily credited
with maintaining the rigid crystalline structure of CS.
PVA is sufficiently attached to the main chain by OH
groups in order to have both strong intramolecular and
intermolecular hydrogen bonds. Figure 10.b displays
the XRD pattern of pure CS and PVA films. Pure
PVA's semi-crystalline characteristics are
demonstrated by a prominent peak at 2 = 180 [20-21].
PVA is sufficiently attached to the main chain by OH
groups in order to have both strong intramolecular and
intermolecular hydrogen bonds. Notably, the PVA
structure's amorphous phases are indicated by a
significant peak center at 2 = 30.70. This study shown
that when CS and PVA were combined, the direction
peaks' intensity and expanded. Due to the prevalence
of the amorphous structure in the mix system, this
results in the breaking of hydrogen bonds.
Consequently, polymer blending may be regarded as a
traditional approach of reducing the PVA crystalline
section.
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Figure 13: XRD pattern of a) CS b) CS-PVA

3.7 Removal of copper, chromium, and zinc ions
by CS/PVA membrane

A 100 mL solution of three different heavy metals
(cupper, chromium, and zinc) was prepared with a
concentration of 3 ppm in order to assess the
adsorption performance of CS/PVA membrane in
heavy metal removal. Atomic absorption spectroscopy
was used to determine the residual concentration of
the filtrate after the solution was passed through
membrane. The concentration of residual copper after
membrane adsorption in the case of copper ion
removal is 1.8062 ppm, yielding a high removal
percentage of 63.6%. After membrane adsorption,
there is 1.6469 ppm of residual chromium for
chromium ion removal, translating to a removal rate of
45%. The concentration of residual zinc after
membrane adsorption is 1.2127 ppm, giving a
percentage removal of 59.57% for the removal of zinc
ions.

3.8 Removal of copper, chromium, and zinc ions by
CA-RO/CS/PVA composite membrane

The same three heavy metals (cupper, chromium,
and zinc) utilized in the CS/PVA membrane are used
to test the adsorption effectiveness of the composite
membrane in heavy metal removal. Once more, the
solution was passed through a membrane, and atomic
absorption spectroscopy was used to determine the
residual  concentration of the filtrate. The
concentration of residual copper after membrane
adsorption in the case of copper ion removal is 0.2809
ppm, yielding a very high percentage removal of
90.5%. Since the residual concentration of the metal
was 0.0471 ppm, the removal percentage for
chromium ions was the highest at 98.33%. With a
residual zinc ion concentration of 0.866 ppm, the
percentage of zinc removed was 73.11%.

3.9 Application of CS/PVA membrane and CA-
RO/CS/PVA composite in desalination

To examine both prepared membranes' capacity for
desalination, A 156 g/L salt solution was made, and its
conductivity was assessed both before and after
membrane application. The conductivity of CS/PVA
reduced to 33.1 mS after passing salt water with a
conductivity of 120 mS, a conductivity loss of 72.5%.
Conversely, spraying salt water onto the composite
reduced the water conductivity to 20 mS, a decrease in
conductivity of 83.33%.

4 CONCLUSIONS

The current study's first phase entailed
extracting chitosan from mussel shells. The second
phase involved electrospinning blended Chitosan-
PVA fibres (CS/PVA) and studying the effect of
electrical voltage on fiber diameter. The fibers
produced by electrospinning are found to be in the
nano range (182.2 nm-459.2 nm). The higher the
voltage, the smaller the diameter of the fiber. In the
third phase, two types of membranes were created: a
CS/PVA membrane (50/50 %vol) and a composite
membrane created by grafting PVA and Chitosan onto
a CA-RO membrane (CS/PVA- CA-RO). The fourth
phase involved investigating the structural details and
crystallinity of the membrane using scanning electron
microscopy (SEM), X-ray Powder Diffraction (XRD),
and infrared spectroscopy (FTIR). In contrast to the
composite membrane, which appeared uniform and
smooth, SEM micrographs revealed that the surface of
the CS/PVA membrane is identical to that of the
fibers. A cross section of the composite membrane
revealed numerous holes caused by grafting. The final
stage involved the use of both fabricated membranes
in heavy metal removal and desalination. The
CS/PVA membrane worked well for removing copper,
chromium, and zinc ions. It was also effective at
removing salt. In terms of salt and heavy metal
removal, the composite membrane outperformed the
CS/PVA membrane.
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