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In this study, chitosan (CS)/poly(vinyl alcohol) (PVA) (CS/PVA) blend nanofibers with varying weight ratios and silver
(Ag)/copper (Cu)/CS/PVA composite fibers have been prepared successfully by the electrospinning process. The tip-to-collector
distance was kept at 15 cm, and the applied voltage was varied from 15 to 25 kV. The effects of the weight ratios and applied
voltage on the morphology and diameter of the fibers were investigated. The resultant fibers were characterized using scanning
electron microscopy (SEM), transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), and thermogravimetric analysis (TGA). The SEM results showed that increasing the amount of chitosan in
the CS/PVA blend resulted in a decrease in the fiber diameter from 162 to 89 nm while an increase in the voltage from 15 to 25
kV led to a decrease in the fiber diameters. Furthermore, the SEM results indicated that an increase in the fiber diameter from
161 to 257 nm was observed while morphological changes were also observed upon the Ag/Cu addition. The latter changes are
perceived to be a result of increased conductivity and higher charge density.

1. Introduction

Electrospinning is a simple, reproducible, and cost-effective
method used to produce fibers with diameters ranging from
10micrometers (μm) to 10 nanometers (nm) [1]. It is consid-
ered the most promising method precisely due to its ability
to create continuous fibers on a larger scale. The nanofi-
bers produced by the electrospinning process have shown
remarkable properties such as a high surface area to vol-
ume ratio, microporosity, and the ability to load drugs
and other biomolecules into the fibers [1]. Due to these
intrinsic properties, electrospun nanofibers have found
considerable attention in many biomedical applications
such as wound dressing, drug delivery, and scaffolds for
tissue engineering [2–4]. Electrospinning of polymer
blends as candidate materials for many biomedical appli-

cations has been investigated, and polymer blends were
found to provide an efficient way to fulfill new require-
ments for material properties [5–8]. Therefore, the pro-
duction of new and cost-effective materials is of great
importance. Blending both the natural and synthetic poly-
mers might help in improving the mechanical strength,
durability, and cell affinity of the nanofiber scaffolds [9].
Polymers such as chitosan (CS) and poly(vinyl alcohol)
(PVA) were used in this study to produce polymer blend
composite nanofibers. These polymers have been chosen
due to the inherent and interesting properties that they
possess. CS is a linear polysaccharide composed of ran-
domly distributed β-(1,4)-linked D-glucosamine and N-
acetyl-D-glucosamine. Chitosan (CS) is a natural polymer
that has good biocompatibility [10], biodegradability, cel-
lular binding capability, antimicrobial activity, and wound
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healing effect [11]. PVA is a water-soluble synthetic poly-
mer derived from the hydrolysis of polyvinyl acetate. It
has many properties such as biocompatibility, biodegrad-
ability, and nontoxicity and is known to have the ability
to form good fibers [12].

The study on polymer composite nanofiber materials has
received remarkable attention nowadays, and it has been
proven to be of significant importance in various applications
[13]. Recently, there has been a growing interest in the incor-
poration of inorganic nanoparticles into polymer nanofibers
for antibacterial applications [14]. Silver (Ag) nanoparticles
have been found to exhibit interesting antibacterial activities
against a wide spectrum of microbes [15]. Previous studies
have shown that Ag nanoparticles can effectively kill patho-
genic bacteria such as Staphylococcus aureus, Bacillus subtilis,
and Escherichia coli [16]. Moreover, the latter nanoparticles
have also been used in various polymer materials as coatings
or in composite materials for drug delivery applications [17].
Other metals such as copper (Cu) which belong in the same
group as Ag but have not yet been explored that much espe-
cially in the nanofibers as composite materials exhibit similar
properties as Ag. Cu nanoparticles are known to prevent the
growth of fungi, algae, and bacteria effectively and display a
broad-spectrum biocide [18]. These nanoparticles exhibit
unique properties such as good conductivity, chemical stabil-
ity, and antimicrobial activity [19]. In this study, both the Ag
and Cu nanoparticles were synthesized and incorporated
into the polymer blends with a view to producing a polymer
blend composite nanofiber material for wound healing appli-
cations. The composite nanofibers containing Ag nanoparti-
cles with various polymers such as gelatin, poly(vinyl
alcohol), chitosan, and poly(ethylene oxide) have been
reported before. However, to the best of our knowledge, no
study on the fabrication and characterization of Ag/Cu-
incorporated CS/PVA blend composite fibers is found in
the literature.

2. Experimental Section

2.1. Materials. The materials used in the study include the
following: silver nitrate (AgNO3) (99%) analytical reagent
(AR) grade, cupric oxalate, oleylamine technical grade 70%,
ethanol, toluene, chitosan (medium molecular weight),
poly(vinyl alcohol) (PVA; Mw = 89, 000 − 98,000, 99+%
hydrolyzed), acetic acid 98%, and distilled water. All chemi-
cals were purchased from Sigma-Aldrich and used without
purification.

2.2. Instrumentation

2.2.1. Optical Characterization. The optical measurements
were carried out using a PerkinElmer Lambda 25 UV/Vis
spectrophotometer (ELICO-SL-150). The samples were
placed in quartz cuvettes (1 cm path length) using ethanol
and toluene as reference solvents for copper and silver,
respectively. The samples were scanned from 900 to 200nm
in order to find the maximum absorbance and surface plas-
mon resonance (SPR) of Ag and Cu nanoparticles.

2.2.2. Transmission Electron Microscopy (TEM). The TEM
images were recorded using a Hitachi JEOL 100S transmis-
sion microscope operating at 80 kV. The nanoparticles were
diluted in toluene, and a droplet of a solution was placed
on a carbon-coated copper grid. The samples were dried at
room temperature prior to analysis.

2.2.3. Scanning Electron Microscopy (SEM). The FE-SEM
(LEO Zeiss) scanning electron microscope operated at 1.00
kV, and the electron potential difference was used to study
the morphology and diameter of the fibers. The fibers were
carbon-coated prior to analysis.

2.2.4. X-Ray Diffraction (XRD). The powder X-ray diffraction
patterns of the nanoparticles were recorded by a Bruker D2
diffractometer operating at 40 kV/30mA using secondary
graphite monochromated Co Kα radiation (λ = 1:7902).
Measurements were taken at a high-angle 2θ range of 5–90°

with a scan step of 0.01°. The fibers and the composite fibers
were recorded by a Shimadzu XRD-7000 X-ray diffractome-
ter at 40 kV/30mA using secondary graphite monochro-
mated Cu Kα radiation (λ = 1:7902). Measurements were
taken at a high-angle 2θ range of 10–80° with a scan speed
of 2 degrees/minute (2°/min) and a scan step of 0.02°.

2.2.5. FTIR Spectrometry. FTIR spectra of the fibers and the
composite fibers were recorded using a Nicolet iS50 FTIR
spectrometer ranging from 400 to 4000 cm-1. The samples
were placed onto the universal ATR sample holder and
pressed on top by a gauge force arm.

2.2.6. Thermogravimetric Analysis (TGA). Thermogravimet-
ric analysis of the fibers and the composite fibers was per-
formed using a PerkinElmer TGA 4000 thermal analyzer
under nitrogen with a flow rate of 20°C/min. The samples
were heated from 30 to 800°C at a heating rate of 10°C/min.

2.3. Preparation of Nanoparticles

2.3.1. Synthesis of Ag and Cu Nanoparticles. This method for
the synthesis of silver (Ag) and copper (Cu) nanoparticles
was adopted from Chen et al. [20] with minor modification.
In a typical experiment, 0.1-0.2 g of AgNO3 was added to 6
mL of oleylamine. The solution was then transferred into a
three-neck round-bottom flask and refluxed for 1 hr under
the flow of nitrogen gas at 180°C. After 1 hr, the reaction
was stopped and cooled to about 70°C. The Ag nanoparticles
formed were precipitated with excess ethanol and then sepa-
rated by centrifugation at 12,000 rpm for 10min. The parti-
cles were washed three times with ethanol to remove excess

Table 1: Variation of precursor concentrations in 6mL of
oleylamine.

Sample
Concentration in g/6mL of

oleylamine
Temperature

(°C)

1 0.1 180

2 0.15 180

3 0.2 180
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Figure 1: Absorption spectra of oleylamine-capped Ag (a) and Cu (b) nanoparticles prepared using 0.15 g precursor concentration.
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Figure 2: TEM image (a), size distribution (b), and XRD patterns (c) of Ag nanoparticles.
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oleylamine. The resulting nanoparticles were left to dry for
further characterization. The same procedure was used for
the synthesis of Cu nanoparticles using cupric oxalate as a
precursor. The growth of Ag and Cu nanoparticles was stud-
ied by varying the effect of precursor concentration from 0.1
to 0.2 g for both the Ag and Cu nanoparticles. All the precur-
sor concentrations in g/6mL of oleylamine are shown in
Table 1.

2.3.2. Preparation of CS/PVA Blend Ratios and
Ag/Cu/CS/PVA Composite Nanofibers. Blend solutions were
prepared by making separately 2wt% chitosan solution in
acetic acid and 16wt% PVA solution using water as the sol-
vent. The two solutions were subsequently mixed in the
weight ratios of 20/80, 30/70, 40/60, and 50/50 of CS/PVA,
respectively. Different amounts of Ag/Cu nanoparticles rang-
ing from 0.1 to 0.4wt% were added directly to PVA solutions
and stirred for 1 hr for complete dispersion. After 1 hr, the
prepared solutions were transferred to the CS solutions and
stirred further for 2 hrs. The mixed solutions were then sub-
jected to electrospinning, and the polymer solution was
placed in a 20mL plastic syringe fitted with a stainless steel
needle of tip dimensions of 1:20 × 38mm. The outer diame-

ter of the needle was 1.270mm, and the inner diameter was
0.838mm with an 18-gauge needle. A high voltage power
supply was used to produce the voltages ranging from 15 to
25 kV, and the distance between the nozzle and the collector
screen was kept at 15 cm with a flow rate of 0.050mm/min.
The addition of Ag/Cu nanoparticles was effective only under
the condition of a 30/70 weight ratio (CS/PVA), with a volt-
age of 20 kV, a spinning distance of 15 cm, and a flow rate of
0.05mm/min.

3. Results and Discussion

Ag and Cu nanoparticles were synthesized using the thermal
decomposition method in the presence of oleylamine as a
capping agent. This method is well known to produce good
stable uniformmonodispersed nanoparticles. The 0.15 g con-
centration was chosen as the optimum concentration for
both the Ag and Cu nanoparticles because of their uniformity
and spherical shape. The average size diameter was found to
be 5.9 nm for Ag and 7.8 nm for Cu nanoparticles. The as-
prepared Ag and Cu nanoparticles were further incorporated
into the CS/PVA polymer blend. The effects of the weight
ratio, voltage, and Ag/Cu nanoparticle loading on the
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Figure 3: TEM image (a), size distribution (b), and XRD patterns (c) of Cu nanoparticles.
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morphology and diameter of the fibers were investigated in
this study.

3.1. Synthesis and Characterization of Ag and
Cu Nanoparticles

3.1.1. Optical Properties of Silver and Copper Nanoparticles.
Metal nanoparticles such as Ag, Cu, and gold (Au) show a
distinct surface plasmon resonance (SPR) in the visible
region [21]. This SPR band is sensitive to the metal size,
embedding medium, and dielectric constant of the metal
[22, 23]. The formation of Ag and Cu nanoparticles was
observed using UV-Vis absorption spectroscopy. The
absorption spectrum of silver nanoparticles in Figure 1(a)
showed the surface plasmon band at 435nm which indicates
the presence of spherical Ag nanoparticles. Figure 1(b) shows
a broad absorption peak at 619nm that is assigned to the SPR
band of Cu nanoparticles. This broadness of the absorption
band could be attributed to the wide size distribution of Cu
nanoparticles. It has been reported in the literature that the
SPR band of Cu nanoparticles appears in the range of 350-
800nm, as the exact SPR band is not known [24, 25]. Both

the Ag and Cu nanoparticles showed a blueshift from their
bulk materials with the bulk values of 1000nm for Ag and
1100nm for Cu nanoparticles.
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Figure 4: SEM images of electrospun nanofibers prepared with different weight ratios of (a) 20/80, (b) 30/70, (c) 40/60, and (d) 50/50 of
CS/PVA at a voltage of 15 kV and a distance of 15 cm.
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at different weight ratios (voltage 15 kV, distance 15 cm).
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3.1.2. Structural Characterization of Silver and Copper
Nanoparticles. Figures 2(a)–2(c) show the TEM image, size
distribution, and XRD pattern of Ag nanoparticles prepared
at a precursor concentration of 0.15 g/6mL of oleylamine.
Figure 2(a) shows that uniform, monodispersed, and spheri-
cal particles were observed with an average particle size of 5.9
nm, as shown by the size distribution in Figure 2(b). The
crystal structure of Ag nanoparticles was further character-
ized with X-ray diffraction shown in Figure 2(c). All diffrac-
tion peaks at 2θ = 44:3°, 51.3°, and 76.0° correspond to (111),
(200), and (220) planes which were identified as Ag in the
face-centered cubic (fcc) (JCPDS, 03-065-2871).

The TEM image, size distribution, and XRD pattern of
Cu nanoparticles are shown in Figures 3(a)–3(c), respec-
tively. The TEM image of Cu nanoparticles shows uniform
and spherical particles with an average diameter of 7.8 nm,
as confirmed by the size distribution graph in Figure 3(b).
The XRD pattern of Cu nanoparticles shows peaks at 2θ =
43:5°, 50.7°, and 74.0° corresponding to (111), (200), and
(220) planes which suggest Cu in the face-centered cubic
(fcc) structure. Some pieces of evidence of impurities were

also observed indicating the presence of Cu2O in the sample
due to oxidation in air.

3.2. Electrospinning of Ag/Cu Nanoparticle-Loaded CS/PVA
Blended Nanofibers. Polymer blends are a mixture of two
chemically different polymers combined in sum arbitrary
proportion. CS and PVA solutions were mixed and electro-
spun to produce polymer blend nanofibers with improved
physicochemical properties. The electrospinning of CS solu-
tion was more challenging due to its high viscosity and poly-
cationic character mainly caused by many amino groups
found in its backbone. The latter properties are believed to
be the reasons for the increased surface tension of the solu-
tion. Hence, a strong electrical force is needed to overcome
the high surface tension in order to produce CS nanofiber
mats. However, more particles were often formed during
the electrospinning process which might be due to the force
of repulsion that occurs between the ionic groups of CS in
acidic aqueous solution [26]. Therefore, the addition of
PVA solution into chitosan solution improved the electro-
spinnability of the CS solution. The morphology and
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Figure 6: SEM images and average fiber distribution of the 30/70 CS/PVA blend at different voltages of (a) 15 kV, (b) 20 kV, and (c) 25 kV
with a spinning distance of 15 cm.
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diameter of the blend fibers were investigated by varying the
effect of the weight ratio, voltage, and loading of a mixture of
Ag/Cu nanoparticles into the fibers.

3.2.1. Effect of Weight Ratios on the Morphology of the
Nanofibers. The SEM images and average fiber distribution
of the electrospun CS/PVA blend with different weight ratios
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Figure 7: SEM images and fiber distribution of the 30/70 CS/PVA blend with different Ag/Cu nanoparticle loadings of (a) 0wt%, (b) 0.1 wt%,
(c) 0.2 wt%, (d) 0.3 wt%, and (e) 0.4 wt%. Voltage: 20 kV; distance: 15 cm.
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of CS/PVA are shown in Figures 4(a)–4(d). The fiber diame-
ters decreased continuously at ratios ranging from 20/80 to
50/50, and this could be due to the increased amount of chi-
tosan in the blend. The average fiber diameters were found to
be 162, 125, 96, and 89nm for 20/80, 30/70, 40/60, and 50/50,
respectively, and this was observed from the fiber distribu-
tion graph in Figure 5. Uniform fibers were only observed
from the blend ratios of 20/80 and 30/70. When the blend
ratio was increased to 40/60, fewer beads with fibers were
observed. Thin fibers with more beads were observed at the
blend ratio of 50/50, and this could be due to the high charge
density that is formed on the surface of the jet which in turn
causes the forces of elongation to be imposed on the jet under
the electrical field resulting in decreased fiber diameters.
These results are in agreement with the previous study done
by Jia and coworkers on the effect of weight ratios on the
morphology and diameter of the fibers using the CS/PVA
blend, and they demonstrated that increasing the amount
of chitosan in the blend from 10 to 30% resulted in a gradual
decrease in the average fiber diameter [12]. They further
mention that above 30% fibers could hardly be formed due
to the fact that chitosan is an ionic polyelectrolyte, and higher
charge density on the surface of the jet is formed during elec-
trospinning which prevented the formation of continuous
fibers.

3.2.2. Effect of Applied Voltages on the Morphology and
Diameter of the Fibers. Electrospinning is governed by many
parameters that influence the formation of fibers. The
applied voltage is one of those parameters that affect the elec-
trospinning process. Yordem et al. [27] have reported that
the applied voltage influences the fiber diameter, but its level
of significance varies with the polymer concentration and on
the distance between the tip and the collector. The effect of
the applied voltage on the morphology and diameter of the
fibers was investigated using SEM. Figures 6(a)–6(d) show
the SEM images and average fiber diameters of CS/PVA
nanofibers at different voltages ranging from 15 to 25 kV.

The optimum blend ratio of 30/70 CS/PVA was used at a
fixed nozzle-to-collector distance of 15 cm. The SEM results
of the electrospun nanofibers showed that uniform morphol-
ogies and an increase in fiber diameters from 125 to 149nm
were observed at voltages 15 and 20 kV. This could be a result
of the stability of the jet caused by increased charge density
on the surface of the jet, polymer strand elongation forces,
and polymer jet velocity [28]. When the voltage was further
increased to 25 kV, a mixture of beads and fibers was
observed with the average fiber diameter decreasing to 130
nm. This is as a result of an increase in the electric field
strength which resulted in an increase in the electrostatic
repulsive force on the fluid jet, thus favoring thinner fiber
diameters.

3.2.3. Effect of Nanoparticle Loadings on the Morphology of
the Fibers. In electrospinning, inorganic salts may be added
to a polymer solution to influence its viscosity, surface ten-
sion, and conductivity. Since solution conductivity has a
major influence on the process, the effect of Ag/Cu nanopar-
ticles loaded on the morphology and diameter of the fibers
was investigated. Zong et al. [29] have studied the effect of
ions on the morphology and diameter of the electrospun
fibers, and they found that the addition of ionic salts to the
polymer solution produced beadless fibers with reduced
diameters. It has also been known that the addition of ionic
salts in the polymer solution can increase the conductivity
of the solution and thereby increase the charge density on
the surface of the ejected jet resulting in particles like beads
being formed during electrospinning.

Figures 7(a)–7(f) show the SEM images and average fiber
diameter of the pure 30/70 CS/PVA blend and
Ag/Cu/CS/PVA nanocomposite fibers with different nano-
particle loadings ranging from 0.1 to 0.4wt% at a voltage of
20 kV and a distance of 15 cm. The 30/70 CS/PVA blend
showed uniform fibers with a smaller fiber diameter. How-
ever, the addition of Ag/Cu nanoparticles into the 30/70
CS/PVA blend ratio resulted in a significant increase in the
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Figure 8: XRD pattern spectra of the (a) (i) pure PVA, (ii) pure CS, (iii) 30/70 CS/PVA blend, and (b) (iv) 0.1 wt%, (v) 0.2 wt%, (vi) 0.3 wt%,
and (vii) 0.4 wt% Ag/Cu/CS/PVA. Voltage: 20 kV; distance: 15 cm.
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average fiber diameter of 161, 218, 224, and 257 nm for 0.1,
0.2, 0.3, and 0.4wt%, respectively, with irregular
morphologies.

Uniform fibers with fewer beads were also observed for
0.1wt% Ag/Cu/CS/PVA composite fibers. When the concen-
tration of Ag/Cu nanoparticles was increased from 0.2 to 0.4
wt% in the CS/PVA blend, the uniformity of the nanofibers
changed and some defects such as branched fibers, bead-
like structures, and ribbons were observed. This change in
uniformity at higher loadings could be a result of increased
conductivity and viscosity of the solution.

The XRD analysis of the electrospun CS/PVA blend and
its composite fibers was performed to investigate the struc-
tural properties and the influence of the nanoparticle loading
on the structure of the polymer blend. Figure 8(a) shows the
XRD patterns of (i) pure PVA, (ii) pure CS, (iii) CS/PVA
blend nanofibers, and Ag/Cu/CS/PVA composite fibers at
different concentrations (0.1-0.4wt%). There are three dif-
fraction peaks observed for pure PVA at 2θ = 11:7°, 19.6°,
and 22.9°. For pure CS, two peaks around 2θ = 10:5° and
20.4° were observed. This broad peak for both CS and PVA
shows the amorphous nature of the polymers. For CS/PVA
blend nanofibers, there is a broad peak around 2θ = 19:4°.
The peak observed for CS at 2θ = 10:5° disappeared and
might be due to the intermolecular hydrogen bonding that
occurs when CS and PVA are blended together. The PVA
peaks at 2θ = 11:7 and 22.9 also disappeared with increasing
CS content in the blend due to intermolecular hydrogen
bonding between CS/PVA blends. The composite fibers in
Figure 8(b) (iv–vii) showed four diffraction peaks at 2θ =
37:7°, 44.1°, 64.5°, and 77.5°, and they were assigned to
(111), (200), (220), and (311) planes, respectively, suggesting
the presence of Ag nanoparticles in the face-centered cubic
(fcc). The results from the composite show that crystalline
peaks of Ag nanoparticles in this material are the most dom-
inant than those of Cu nanoparticles, and this could be due to
the high conductivity of silver in the solution. Another rea-
son might be that Cu is smaller than silver and it can easily

dissolve in the Ag matrix causing lattice contraction [30].
The calculated sizes of Cu and Ag are 128 and 144pm,
respectively. The peak around 2θ = 19:4° was observed for
all the composite fibers which proves that there is a complete
interaction between CS and PVA.

3.3. Material Characterization

3.3.1. FTIR Spectrometry. The FTIR spectral analysis was
used to determine the structural functionality of the poly-
mers and also check if there was any chemical interaction
between the blend nanofibers and the mixture of nanoparti-
cles. Figure 9 shows the FTIR spectra of the pure chitosan,
pure PVA, CS/PVA blend, and Ag/Cu/CS/PVA composite
fibers. For pure CS, the broad band in the region of 3360
cm-1-3293 cm-1 corresponds to O-H and N-H stretching
vibrations with intermolecular hydrogen bonds overlapping
inside the broad absorption band. The peak assigned to the
C-H stretching vibration was observed at 2911 cm-1. The
peaks at 1655 cm-1 and 1592 cm-1 correspond to the amide
I (C=O stretching) and amide II (N-H bending) vibrations.
The peaks at 1381 cm-1 and 1318 cm-1 were attributed to
the CH3 symmetrical deformation and amide III (C-N
stretching). The band at 1156 cm-1 may be due to the asym-
metric stretching vibration of the C-O-C bridge, and the
sharp peak at 1030 cm-1 corresponds to the C-O stretching
vibration of the chitosan polymer. For pure PVA, the broad
absorption peak assigned to the O-H stretching vibration
was observed at 3283 cm-1 and the peak at 2904 cm-1 corre-
sponds to the C-H stretching vibration. The peak at 1662
cm-1 corresponds to the C=O stretching vibration of nonhy-
drolyzed vinyl acetate groups in PVA. The peaks at 1417 cm-1

and 1324 cm-1 are assigned to the CH3 stretching and defor-
mation. The same peak at 1086 cm-1 occurs for both CS and
PVA and is due to the C-O bending and stretching vibration.
Additionally, comparing the FTIR spectra of PVA and CS,
the peak assigned to the C-H bending vibration for PVA
was observed at 841 cm-1 and was not detected in CS. This
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Figure 9: FTIR spectra of the (a) (i) pure chitosan, (ii) pure PVA, (iii) 30/70 CS/PVA blend, and (b) (iv) 0.1 wt%, (v) 0.2 wt%, (vi) 0.3 wt%, and
(vii) 0.4 wt% Ag/Cu/CS/PVA. Voltage: 20 kV; distance: 15 cm.
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result does suggest the formation of intermolecular hydrogen
bonds between the CS and PVA molecules. However, the
absorption peak found around 841 cm-1 for PVA also
appeared in the spectrum of the CS/PVA blend. For the
CS/PVA blend, the absorption bands at 1655 cm-1 and
1592 cm-1 disappeared due to the loss of free amine in the
compound. The FTIR spectra of the composite fibers at dif-
ferent concentrations gave almost identical features as the
blend, with the CS bands at 1156 cm-1, 1655 cm-1, and 1592
cm-1 disappearing in both the blend and the composites
which indicates the formation of hydrogen bonds between
the two polymers. An increase in the intensity of the C-H
group was observed for the composite fibers when the mix-
ture of Ag/Cu nanoparticles was increased.

3.3.2. Thermogravimetric Analysis (TGA). The TGA was car-
ried out to investigate the thermal stability of the polymers
and the effect of nanoparticle loading on the thermal stability
of the blends. Figure 10 shows the TGA graphs of the pure
CS, pure PVA, CS/PVA blend, and composite fibers. Chito-
san undergoes three decomposition stages. The first decom-
position stage occurred between 38°C and 100°C, and this
was due to the loss of moisture in the sample with 10% weight
loss. The second stage between 135°C and 233°C was due to
the primary degradation of chitosan, and the last stage which
resulted in the degradation of polysaccharides and decompo-
sition of chitosan main chains was from 233°C to 400°C with
a weight loss of 52%. TGA graph of the PVA polymer shows
three decomposition stages with the first stage occurring
between 38° and 100°C due to moisture vaporization. The
decomposition step of the PVA side chain for the second
stage occurred around 243°C. The third stage between
400°C and 500°C was due to the loss of the PVA main chain
(nonhydrolyzed vinyl acetate group) with a weight loss of 6%.
The thermal stability of the CS/PVA blend seemed lower as
compared to that of the pure polymers. It is apparent that
the nanoparticle loadings did not have an influence on the
thermal stability of the composite fibers.

4. Conclusion

Oleylamine-capped Ag and Cu nanoparticles were prepared
using the thermal decomposition method. TEM results
showed that uniform and spherical shape nanoparticles were
observed with a small average size. The XRD results show
peaks which were identified as Ag and Cu in the face-
centered cubic. The absorption maxima of Ag and Cu nano-
particles showed a blueshift from the bulk material. SEM
images of the CS/PVA blends at different weight ratios showed
that the fiber diameters decreased with an increased amount of
chitosan in the blend resulting in the formation of a mixture of
beads and fibers. The increase in the applied voltage seemed to
have affected both morphologies and fiber diameters. The
addition of Ag and Cu nanoparticles in the blend resulted in
an increase in the average fiber diameters and an irregular
fiber morphology. The XRD patterns of the CS, PVA, and
CS/PVA blend showed the amorphous broad peaks for both
polymers and blends whereas the composite fibers showed
peaks which corresponded to Ag in the face-centered cubic
phase. In this case, Ag peaks seemed to be the dominant ones
as compared to the Cu nanoparticles. The XRD data further
indicated that Ag/Cu nanoparticles were successfully incorpo-
rated into the polymer nanofibers. The FTIR results showed
some interactions between the polymers and the nanoparti-
cles. The thermal stability of the composite fibers was not
influenced by the nanoparticle loadings.
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