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Abstract Article Info.
Nanocomposite membranes made of chitosan (Cs) concentrations, and

polyvinyl alcohol (PVA) with a fixed ratio of (60:40), then incorporated with Keywords:

different concentrations of multi-walled carbon nanotubes (MWCNTS) (1, 1.5, 2, Chitosan, Polyvinyl

2.5, and 3%) were created using the solution cast method. The membranes were Alcohol, Multi-Wall

identified using UV-vis spectroscopy, Fourier transform infrared (FTIR), and X- Carbon Nanotube,

ray diffraction (XRD). The results demonstrated that the samples were sufficiently Nanocomposites,

stable, and the interactions between nanoparticles and polymers were generally Morphological Properties.

negligible. XRD patterns showed a crystalline phase of PVA, an amorphous phase

of chitosan, and a more crystalline phase as MWCNTs were introduced. In Article history:

particular, at high percentages of MWCNTS, the dominant phase (002), connected Received: Sep. 27, 2023

to MWCNTSs, was shifted to a higher value. The UV-vis spectroscopy of the Revised: Dec. 18, 2023

sample showed only one absorption peak at about 230 nm and no other peaks. This Accepted:Dec. 29, 2023

may be due to transparency in PVA and Cs. The band gap energy decreased when Published: Mar. 01, 2024

higher percentages of MWCNTSs were added to the mixture.

1. Introduction

Because of environmental concerns, natural materials are again in vogue [1].
Biodegradable polymers and plastics are increasingly used in modern industrial and
academic applications [2]. Recycling and environmental safety become crucial when
considering a more sustainable future [3]. Interest in polymer composites with organic
and natural fillers is rising due to the demand for more adaptable polymer-based
products [4]. For instance, fillers can be recycled and decomposed [5]. Biomaterials are
becoming increasingly important in creating a sustainable environment [6]. The creation
of biomaterials for drug delivery, tissue engineering, and medical diagnostics is still
relatively new, but physical and chemical techniques to control biological reactions
have made significant advances [7]. The best definition of a biomaterial is any
substance, other than drugs or synthetic materials, that can be used at any time to
partially or entirely replace any tissue or other part of the body and improve an
individual's quality of life [8]. Four different biomaterials, polymers, metals, ceramics,
and composites are widely known in the industrial world [9].

Polysaccharide biopolymers are the second most frequent biopolymers of
biological origin. Natural chitosan is an example of these biopolymers. It can be
produced synthetically utilizing chitin as a raw material source by a deacetylase reaction
and is derived from shrimp, crab molluscs, lobster shells, and prawns [10, 11]. Chitin is
a natural polymer, a source of biodegradable polysaccharide polymer. It is renewable,
non-toxic, and has an excellent chemical makeup. It also has high film-forming abilities
and is soluble in slightly acidic aqueous solutions. It is an entirely biodegradable
product that can be buried without interfering with the natural flow of the ecosystem.
Chitosan is frequently used in wound healing and bandaging because of its exceptional
qualities, including antibacterial activity, biocompatibility, and non-toxicity. Chitin's

This work is licensed under a Creative Commons Attribution 4.0 International License.

95


mailto:lubnaabdalaziz93@gmail.com
mailto:mohamedkadhom@sc.uobaghdad.edu
http://creativecommons.org/licenses/by/4.0/

Iraqi Journal of Physics, 2024 Lubna Abdul-Aziz Jassim and Mohammed Kadhim Jawad

drawbacks include susceptibility to degradation by ultraviolet radiation, difficulty in
spinning leading to lack of wet strength, and low water solubility due to low thermal
stability [12].

Polymer blending presents an intriguing way to produce novel polymeric
materials with tailored qualities better suited to each polymer product. A polymer blend
(PB) is created when two or more polymers or copolymers are combined and given
particular physical qualities [13]. The synthetic polymer polyvinyl alcohol (PVA) has
good chemical, physical, and mechanical qualities and is non-toxic and water-based
[14]. PVA, a water-soluble polymer with remarkable mechanical qualities and great
transparency, is utilized in a wide range of domestic, commercial, and electrical
products. PVA is a polyhydroxy polymer frequently employed in advantageous
applications due to its simplicity of manufacture and biodegradability [15]. Even though
they can be used in tandem with other natural polymers and synthetic polymers
combined with natural polymers, modified polymers can achieve the desired properties
[16].

A significant area of study is nanocomposites [17], which are created by
dispersing nanoparticles, such as metal nanoparticles or metal oxides, onto a polymer
substrate. Nanotechnology has recently made scientific discoveries that have been used
in manufacturing, agriculture, and medicine, among other fields [18]. Compared to
micro and macro composites, nanoparticles have better mechanical and thermal
properties and less flammability. The factors that play a significant role in modifying
the properties of composites are their shape, proportion, and affinity toward the matrix
[19].

Carbon nanotubes (CNTS) are single-layer graphene rolled into tubes [20]. Single-
walled carbon nanotubes (SWCNTSs) were found in 1991 by lijima and Ichihashi [21].
They detailed the development of 1 nm SWCNT by carbon bend union. Like fullerene
and graphene, SWCNT is one of the isotropic shapes of carbon [22]. The term settled
SWCNT refers to multi-walled carbon nanotubes (MWCNTS), freely bound together by
Van der Waals intuitive [23]. The bond between carbon gives carbon nanotubes not
only uncommon flexibility quality but too great conductivity [24]. CNTs have many
interesting properties, such as electrical conductivity, which have been investigated in
many studies [25]. The diameter of CNT is usually measured in nanometers. It is one of
the most widely used nanomaterials due to its wide variety of physicochemical
properties, such as a field emitter, hydrogen storage medium, and sensor [26].
Techniques such as Fourier transform infrared (FTIR), and X-ray diffraction (XRD),
which detect variations in chemical groups and chemically related states, have been
used to quantify surface chemical changes in modified materials [27].

This study investigated the influence of MWCNTS weight ratio on the properties
of PVA/chitosan nanocomposite membranes [10].

2. Experimental Work

The chemical materials used were: polyvinyl alcohol (PVA) (molecular weight
85,000, DH= 99.8%), chitosan medium molecular (75-85% deacetylate), chemical
formula (C,H40)n, and MWCNTSs with outer diameter 13-18 nm, length 3-30 nm and
purity >99.0 %.

Polymers (chitosan, PVA) and their mixtures in a fixed ratio of (60: 40) and
nanocomposite membranes were prepared using the solution casting process. The basic
PVA solution was prepared by dissolving 0.6 g of PVA (at 80 °C) in 8 ml of distilled
water. 0.4 g of chitosan was dissolved in 20 ml of acetic acid and heated to 50°C with
continuous stirring for approximately 8 hours at 30°C. A polymer mixture of (PVA and
Chitosan) with a fixed ratio of (60:40) was prepared by adding the chitosan solution to
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PVA solution using a magnetic stirrer for 24 hrs. The solution was continuously stirred
until a homogeneous aqueous solution was obtained. MWCNTSs filled nanocomposites
were prepared using the same curing procedure above. Polymer mixtures incorporating
different percentages of MWCNTSs (1, 1.5, 2, 2.5, and 3%), as tabulated in Table 1, were
prepared. Finally, each mixture was poured into glass petri dishes and left to dry at
room temperature to form solid membranes. After 72 hrs, the membranes were peeled
off the plate.

Table 1: The composition of the blended and hanocomposite membranes.

Assignment Name of the Weight percent | Nano-MWCNT
polymer % wt.%

Cs Chitosan 100% 0

PVA Polyvinyl alcohol 100% 0

Cs& PVA | Chitosan: Polyvinyl 40:60% 0
alcohol

C1 Chitosan: Polyvinyl 40:60% 1
Alcohol

C2 Chitosan: Polyvinyl 40:60% 1.5
Alcohol

C3 Chitosan: Polyvinyl 40:60% 2
Alcohol

C4 Chitosan: Polyvinyl 40:60% 25
Alcohol

C5 Chitosan: Polyvinyl 40:60% 3
Alcohol

3. Characterization of Chemical Structure Materials

The FTIR spectra were recorded from 4000 to 400 cm™, using the absorption
mode with 32 scans and 2 cm™ resolution for analysis, using a Nicolet beam line with
10 spectrometers. The optical properties of the sample were identified using a UV-vis
spectrophotometer (V-570 UV/vis-NIR, JASCO Corp) running at room temperature.
XRD patterns were recorded with a Shimadzu XRD 6000 diffractometer at the College
of Education-lbn Al Haitham. The XRD system uses a Cu (K) X-ray source (1.5405),
40 kV voltage, and 30.0 mA current. The scanning angle was changed at a rate of 5.00
(degrees/minute) along the range of (2 = 5-80).

4. Results and Discussion
4.1. FTIR Results

FTIR spectroscopy is an essential technique in observing the band structure of
materials, which changes depending on the details, complexity, and interactions
between different components such as polymers, net chitosan, and PVA [28]. Figure 1
shows the FTIR spectra of pure Cs, PVA, and Cs: PVA mixture. The characteristic peak
of PVA was observed at 3501.25 cm™, related to the O-H relaxation vibration.
Additional peaks at 2950 and 2908.75 cm™ were observed due to the symmetric and
symmetric expansion vibrations of the CH, beam. The peak found at 1570.00 cm™ was
attributed to the impact of C-O knife edge expansion of amide (-NH2). Bands type and
energies for pure chitosan, PVA, and Cs: PVA mixture are listed in Table 2 [29].
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Figure 1: FTIR spectra of pure chitosan, PVA, and chitosan: PVA mixture.

Fig. 2 shows the FTIR spectra of pure Cs: PVA blend and Cs: PVA blend
combined with different concentrations of MWCNTSs (C1, C2, C3, C4, and C5) [30].
The spectra of CS: PVA blend membrane showed a high-intensity band around
3467.60 cm™, compared to the spectra of the other samples. This region corresponds to
the OH bond involving the interaction of Cs and PVA. In addition, a peak, probably
due to the sugar structure, was observed in the range of 3462.89-3442.29 cm™. The
peak at 1725 cm™ is due to the stretching of C=O (aromatic) by the aromatic ring
system. The band between 3467.60 and 2890 cm™ is related to the stretching vibrations
of OH and CH; strains. The oscillation observed at 1037.50 cm™ corresponds to the
stretching of CO [31]. The FTIR spectrum of the nanocomposites membranes
undergoes a peak shift detected by the O-H stretching vibration at 3467.60 cm™. The
C-H vibration is represented at 2950.00 cm™, the maximum displacement at 1723.75
cm™ is due to C=0 vibration, and the maximum deviation at 1028 cm™ is due to the
observed C-O stretching vibration [14]. The added MWCNTSs to the polymer blend
created new active groups in the range of (1627.20, 1633.99, 1633.99, 1630.59, and
1630.59) cm™, as shown in Table 3. This reflects the presence of added MWCNTSs
dispersed throughout the membrane and caused a decrease in stability and a weakening
of the CO bonding strength [32]. The C-O bonds disappeared in the polymer blend but
at the same time, the C—O bands appeared, by adding MWCNT [33].
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Figure 2: FTIR spectra of chitosan: PVA mixture and nanocomposites incorporated with
different percentages of MWCNTS.

Table 2: Bands type and energies for pure chitosan, PVA, and Cs: PVA mixture.

Band Type Pure PVA Pure Chitosan Chitosan:
PVA
O-H 3501.25 3482.50 3467.50
CH, 2950.00 - 2950.00
2908.75 - 2901.25
C=0 1727.50 - 1723.75
C-0 1577.50 - 1570.00
Amide 1l - 1570.00 -
(OH)-C-OH 1442.50 - 1423.75
Amide 1l - 1420.00 -
=C-0-C 1367.50 - -
Cc-0 1123.75 1146.25 1123.75
C-O stretching - - 1037.50
C-H 853.75 - 842.50
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4.2. X-ray Diffraction

Fig. 3 displays the XRD patterns of the pure Cs, PVA, and their mixtures. XRD
pattern shows the presence of chitosan amorphous phase [34]. The peaks obtained at
20= 37.2°, 43.2°, 62.7°, and 75.3° correspond to the (111), (002), (022), and (113)
planes of the bulk structure of chitosan, respectively [35]. The characteristic peaks of
chitosan at 26 of 11.9 and 18.6 degrees correspond to the diffraction of (020) and (110)
corresponding planes for the orthogonal structure, as reported by Santa et al. [36]. The
XRD pattern of PVA shows two strong peaks at 20 = 19.6424° and 23.2119° belonging
to the (101) and (101) planes, respectively, in addition to the weaker plane’s crystal
peaks, in agreement with Sengwa et al. [37]. The XRD pattern of the Cs: PVA blend
exhibits diffraction peaks that were shifted to a lower angle and with a greater
magnitude of expansion and decay than the pure PVA sample. These results indicate the
formation of Cs: PVA blend by hydrogen bonding [37].
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Figure 3: XRD patterns of pure Cs, PVA, and Cs:PVA blend membranes.

Similar observations appeared on the XRD pattern of Cs: PVA filled with
different ratios (1, 1.5, 2, 2.5, and 3 wt.%) of MWCNT, as shown in Figure 4. The Cs:
PVA blend has similar peaks that were shifted from 19.8609 to 19.7796, corresponding
to hkl (101), after the addition of MWCNTSs; also, FWHM decreased with increasing the
weight ratio of MWCNTs. A new peak appeared at 20= 26.4706 corresponding to hkl
(002). The FWHM decreased as the percentage of the added MWCNTS increased, as
shown in Table 4 [38].

It should be mentioned that the MWCNTS peaks are, to some extent, similar to
that of graphite, possibly due to the comparable intrinsic graphene structure featured.
CNTs, which are composed of multilayer structures, exhibit similar XRD graphite
samples are especially planar (002) [39].
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Figure 4: XRD of Cs: PVA blend and blend nanocomposites filled with MWCNT.

Table 4: The calculated crystallinity degree of Cs: PVA blend and MWCNT nanocomposites.

Sample 20 FWHM | dwa(A) CS hkl
(Deg.) | (Deg) (nm)
Chitosan: PVA | 19.8609 | 2.9139 | 4.4667 2.8 (101)
C1 19.7794 | 7.9411 | 4.4850 1.0 (101)
C5 19.5588 | 5.5147 | 4.5350 15 (101)
26.4706 | 1.6177 | 3.3645 5.0 (002)

4.3. UV-visible Spectroscopy

As light passes through a material, its intensity in the direction of propagation
decreases due to absorption and scattering. The loss of energy due to absorption results
in the conversion of light energy into other forms of energy, such as lattice oscillations
(heat), due to polarized particles in the environment. This excites ions and electrons
from the valence band to the conduction band [40]. A valuable method for sample
analysis is UV-vis spectroscopy to understand the importance of optical parameters
such as band gap energy (Eg) and optical energy absorption of polymer composites in
the UV and visible regions. High energy states (o, m, 1 orbitals) are described by
molecular orbitals [41]. Absorption coefficient, optical band gap, and other optical
parameters can easily be determined from UV-vis spectroscopic measurements from
200 to 1100 nm. The UV-vis spectra of the pure blend and those containing MWCNTSs
are shown in Fig. 5. The samples spectra showed only one absorption peak at about
230 nm. This may be due to the presence of transparency in PVA and Cs. The
previously reported data indicate that the m — m* electronic transition due to unsaturated
bonds, mainly determined by C=0 bonds, is about 225. As the MWCNTSs percentage
increases, the resistance also increases. This may be due to the interaction between the
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two polymers (Cs: PVA) and the nanomaterial, leading to a slight increase in the
wavelength value [11].
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Figure 5: UV-visible spectra of the Cs: PVA polymer blend and the hanocomposites filled

with different ratios of MWCNTSs.

Optical techniques analyze photochemical transitions and provide data on the
bonding structure of organic compounds and the energy gap between crystalline and
amorphous samples. Semiconductors are usually divided into two types: (1) Direct
deviation, and (2) Indirect deviation. In the direct band gap, the start of the valence
band and the rest of the conduction band have the same amplitude of motion [42].
From the optical absorption spectrum, the absorption coefficient (o) can be calculated
using the Beer-Lambert relationship (1) as follows:

a=2303% (1)

where: A is the absorbance, a. is the absorption coefficient, and L is the film thickness in
cm. Analyzing the spectral dependence of absorbance at the absorption edge can
determine the optical band gap energy. For example, the present optical data can be
analyzed at the near-edge optical absorption according to the following relation:

ahv = B(hv — E,)" (2)

where: Eq is the optical band gap energy, hv is the photon incident energy, and (r) is the
characteristic phase force in K space. Specifically, (r) takes the values 1, 2, 3, 122, and
3/2 Depending on the type of electron transition. The value of (r) is 2 for spatially direct
electronic transitions in K space and 1/2 for spatially indirect electronic transitions in
indirect energy space. The B coefficient is based on a changing probability and can be
considered stable over the optical frequency spectrum. A common method to calculate
the value of Ey is plotting (ahv)® versus the absorption edge (hv) [47], which gives a
linear fit over a wide range of hv, as shown in Fig. 6 [48]. The band gap energy
decreased as the MWCNTS percentage increased, as seen in Table 5. The value of the
optical band gap energy and the structure band of the material are resolute factors in the
implementation and planning of UV-vis [43].
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Figure 6: The relation between (ahv)? vs. photon energy (hv) for Cs: PVA blend, and the
blend nanocomposites incorporated with MWCNTS.

Table 5: Band gap energy values.

Sample E,(eV)

CS: PVA 3.50
C1 3.45
C2 3.40
C3 3.35
C4 3.30
C5 3.30

4. Conclusions

The following conclusions can be drawn based on the above results: This
research synthesized membranes of Cs: PVA blend and the blend nanocomposites filled
with  MWCNTs using a solution casting procedure. The effects of different
concentration ratios of MWCNTS on the optical properties of the film were confirmed.
Light transmission for all samples slowed down as the MWOCNT concentration
increased. From XRD, it was observed that chitosan was composed of irregularly
arranged amorphous materials. Then, adding PVA, an ordered texture was observed,
and the completely amorphous morphology was transformed into crystalline. The FTIR
spectrum shows a chemical interaction between PVA and Cs upon introducing the
MWCNTSs. Therefore, the CH2 band can easily be separated from the stretching
vibration and made stationary. This study showed that FTIR spectroscopy shows all
carboxylic acid and hydroxyl groups in Cs: PVA/MWCNT nanocomposites.
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