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1. Introduction

Polymer nanocomposites are a class of materials that have properties that offer significant
commercial potential. It was commonly defined as the combination of a polymer matrix
resin and inclusions that have at least one dimension (i.e. length, width, or thickness) in the
nanometer size range. There are many types of nanocomposites that have received
significant research and development including polymer/inorganic particle,
polymer/polymer, metal/ceramic, and inorganic based nanocomposites. These polymer
hybrid nanocomposites have attracted great interest due to inorganic materials filled
polymer composites often exhibit remarkable improvement in material properties with only
a low percentage of inorganic materials. High degrees of stiffness, strength, conductivity
and thermal resistance, etc. are realized with far less high density inorganic material, they
are much lighter compared to conventional polymer composites. Many novel nanocomposites
with improved performance properties, which may have large potential applications in the
fields such as optics, electrical devices, and photoconductors were reported (Fleming et al.,
2001; Luna-Xavier et al., 2001; Tiarks et al., 2001).

The synthesis of polymer nanocomposites is normally carried out by the following methods.
One is based on in-situ polymerization of monomers inside the galleries of the inorganic
host (Messersmith & Giannelis, 1993). The other approach is based on melt intercalation of
polymers and it involves annealing a mixture of the polymer and the inorganic host,
statically or under shear, above the Ty of the polymer (Usuki et al., 1997; Vaia et al., 1995).
The solventless melt intercalation is an environmentally friendly technique and is adoptable
to existing processing like roll milling, extrusion and molding. The materials made via these
two processes have been summarized. Other unique methods for blending polymers
directly with inorganic materials have employed microwaves, latex-colloid interaction,
solvent evaporation, spray drying, spraying a polymer solution through a small orifice and
Shirasu Porous Glass (SPG) membrane emulsification technique (Berkland et al., 2001;
Fischer et al., 1999; Mu & Feng, 2001; Oriakhi & Lerner, 1995; Rosca et al., 2004).
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The other techniques for preparing polymer nanocomposites is electrospinning process that
has attracted great interest among academic and industrial scientists because it is very
simple, low cost, and effective technology to produce polymer nanocomposite nanofibers
which has been exhibit outstanding properties such as a high specific surface area and high
porosity. These nanofibers can be used for a wide variety of applications such as separation
filters, wound dressing materials, tissue scaffold, sensors, protective clothing, catalysis
reaction, etc. (Choi et al., 2004; Han et al., 2006; Huang et al., 2003; Li & Xia, 2004; Reneker &
Chun, 1996; Wang et al., 2002; Wu et al., 2005; Zussmas et al., 2003). Biomedical field is one
of the important application areas. By utilizing electrospinning technique this field can be
enriched widely. Different group have reviewed recently the patents and worked on
electrospun biomedical nanostructures like tissue engineering, drug delivery and scaffold
engineering (Min et al., 2004; Sangamesh et al., 2008; Vasita & Katti, 2006). In a typical
electrospinning process, a high voltage is applied to a polymer fluid such that charges are
induced within the fluid. When charges within the fluid reached a critical amount, a fluid jet
will erupt from the droplet at the tip of the needle resulting in the formation of a Taylor
cone. The electrospinning jet will travel towards the region of lower potential, which in most
cases, is a grounded collector. There are many parameters that will influence the
morphology of the resultant electrospun fibers, from beaded fibers to fibers with pores on its
surface. The parameters affecting electrospinning and the fibers mat are broadly classified
into polymer solution parameters, processing conditions which include the applied voltage,
temperature and effect of collector, and ambient conditions. With the understanding of these
parameters, it is possible to create nanofiber with different morphology by varying
parameters.

Here, we have been fabricated several electrospun nanocomposite nanofibers in aqueous
solutions with poly(vinyl alcohol) (PVA), chitosan oligosaccharide (COS), and pullulan
(PULL) as polymer matrixs, and montmorillonite (MMT) and silver(Ag) nanoparticles as
inorganic materials. The effectiveness of these nanocomposite nanofibers are demonstrated
with a field emission-type scanning electron microscope (FE-SEM), a transmission electron
microscopy (TEM), a reflection type X-ray diffraction (XRD), Fourier transform spectroscopy
(FT-IR), Thermogravimetric analysis (TGA), differential scanning calorimeters (DSC) and
the anti-bacterial performance was also discussed.

2. Background

MMT is one of the most useful inorganic material for nanocomposite, it has attracted great
interest due to MMT filled polymer nanocomposites often exhibit remarkable improvement
in material properties such as mechanical, thermal, flame-retardant, and barrier properties
with only a low percentage of MMT fillers added. These property improvements are
attributed to the nanometric thickness and high aspect ratio of the individual clay platelets,
as well as to the nanocomposite morphology with the platelets being exfoliated and well-
dispersed (Gates et al., 2000; Svensson et al., 2010).

Ag nanoparticles are widely used as a photosensitive components, catalysts and chemical
analysis. Additionally, due to its comparatively high safety, many researchers have
successfully developed antibacterial and disinfectant agents with silver composite using
various polymers. Microorganisms with resistance to the antimicrobial activity of Ag are
exceedingly rare. Such silver has a size of nano-level, the total surface area of the silver
become larger in identity volume and antibacterial efficiency is increased (Glaus et al., 2002;
Rujitanaroj et al., 2008).
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Fig. 1. Schematic representation of polymer/ MMT nanocomposites

Fig. 2. SEM photograph of Ag nanoparticles

PVA is a semi-crystalline hydrophilic polymer with good chemical and thermal stability.
Also, it has highly biocompatible and non-toxic. It can be processed easily and has high
water permeability. These properties have led to the use of PVA in a wide range of
applications in medical, cosmetic, food, pharmaceutical, and packaging industries.
Especially, PVA has been used in fiber and film products for many years. Ultrafine PVA
fibers, which may have different potential applications than microfibers, cannot be
produced by conventional spinning techniques (Yeum et al., 2004).
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Chitosan, the second most abundant polysaccharide in nature after cellulose, is an N-
deacetylated derivative of chitin. It is generally regarded as non-toxic, biocompatible and
biodegradable. It has many unique functional properties for different applications like high
molecular weight, high viscosity, high crystallinity and capacity to hydrogen bond
intermolecularly. However, the rigid D-glucosamine structure and high crystallinity in
chitosan usually lead to poor solubility of chitosan in common organic solvents as well as in
water, such as at physiological pH values (7.2-7.4), restricting its uses, especially in human
body. However, partially depolymerized chitosan products, i.e., low molecular weight
chitosan (COS), could overcome these limitations and hence find much wider applications
in diversified fields (Kumar et al., 2004).
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Fig. 3. Schematic representation of interaction(a) PVA/MMT/Ag, (b) PULL/MMT and (c)
PVA/COS/MMT nanocomposite nanofibers

PULL is an extracellular microbial polysaccharide produced by the fungus-like yeast,
Aureobasidium Pullulans (Yuen, 1974). It is a polysaccharide polymer consisting of
maltotriose units, also known as a-1,4- ; a-1,6-glucan. Three glucose units in maltotriose are
connected by an a-1,4 glycosidic bond, whereas consecutive maltotriose units are connected
to each other by an a-1,6 glycosidic bond. The regular alternation of (1—4) and (1—6) bonds
results in two distinctive properties of structural flexibility and enhanced solubility
(Leathers, 1993). The unique linkage pattern also endows PULL with distinctive physical
traits along with adhesive properties and its capacity to form fibers, compression moldings,
and strong, oxygen impermeable films. Due to its excellent properties, PULL is used as a
low-calorie ingredient in foods, gelling agent, coating and packaging material for food and
drugs, binder for fertilizers and as an oxidation-prevention agent for tablets. Other
applications include contact lenses manufacturing, biodegradable foil, plywood, water
solubility enhancer and for enhanced oil recovery (Israilides, 1998; Leathers, 2003; Schuster,
1993). It is water soluble, insoluble in organic solvents and non-hygroscopic in nature. Its
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aqueous solutions are stable and show a relatively low viscosity as compared to other
polysaccharides. It decomposes at 250-280 °C. It is moldable and spinnable, being a good
adhesive and binder. It is also non-toxic, edible, and biodegradable.

3. Experimental

3.1 Materials

PVA with P, (number-average degree of polymerization) = 1700 [fully hydrolyzed, degree
of saponification (DS)=99.9%] was obtained from DC Chemical Co., Seoul, Korea. COS
(Average molecular weight above 10,000; 100% water soluble) was purchased from Kittolife
Co., Kyongki-do, Korea and used without further purification. PULL was a food grade
preparation (PF-20 grade) from Hayashibara Biochemical Laboratories Inc. (Okayama,
Japan). MMT was purchased from Kunimine Industries Co. Ltd., Japan and aqueous Ag
nanoparticle dispersion (AGS-WP001, 10,000 ppm) with diameters ca.15-30 nm was got from
Miji Tech., Korea. Doubly distilled water was used as a solvent to prepare all solutions.

3.2 Electrospinning nanocomposite nanofibers

Fig. 4. Schematic representation of the electrospinning process and SEM image of PVA
nanofibers at different conditions
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During electrospinning, a high voltage power (CHUNGPA EMT Co., Korea) was applied to
the polymer/inorganic material blend solution contained in a syringe via an alligator clip
attached to the syringe needle. The applied voltage was adjusted at 15 kV. The solution was
delivered to the blunt needle tip via syringe pump to control the solution flow rate. Fibers
were collected on an electrically grounded aluminum foil placed at 15 cm vertical distance
to the needle tip (Tip-Collector Distance, TCD). The above spinning conditions were found
being the best condition to make PV A based nanofibers in our previous report (Ji et al., 2009;
Karim et al., 2009; Lee et al., 2009a; Lee et al., 2009b; Park et al., 2009; Park et al., 2010).

Contents*
Nanocomposite nanofiber Total polyr_ner Blep d
concentration ratios MMT Ag
Two types PVA - -
inorganic PVA/MMT 7.5 wt.% - 5wt.%
material PVA/MMT/Ag 5wt% | 5wt%
6/4
PVA/COS 8/2 -
10/0
Two types 12.5 wt.% / i
polymer 6/4
PVA/COS/MMT 8/2 5 wt.%
10/0
1 wt.%
3 wt.%
Natural PULL/MMT 20 wt.% ;
polymer 5 wt.%
10 wt. %

* based on total polymer concentration

Table 1. Experimental condition for the preparation of nanocomposite nanofibers

4. Results and discussion

4.1 PVA/MMT/Ag nanocomposite nanofibers

4.1.1 Morphology and structure property

Figure 5 demonstrates FE-SEM and TEM images of PVA, PVA/MMT and PVA/MMT/Ag
nanofibers electrospun with 5 wt.% of MMT and 5 wt.% of Ag nanoparticles. MMT contents
were important parameters which had effects on the morphology of electrospun PVA
nanofibers. The diameter of nanofibers increases but fibers homogeneity decreases with
MMT contents. In the TEM image, the size of the dark line is about 1-3nm in width and 100~
200nm in length, indicating the good dispersion and exfoliation of MMT layers in the
nanofibers. This clearly indicates the feasibility of electrospinning of the 2-D platelet
structures and the potential to achieve proper alignment of these clays along the fiber axis,
which is critical for nanocomposite fiber fabrication. The Ag nanoparticles distribution along
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the fiber direction and on the fiber cross-section is detected by TEM. It is seen that the MMT
and Ag nanoparticles are distributed uniformly in nanofibers.

(¢) PYA/MMT

{e) PYVAIMMT/Ag

(LR

Fig. 5. FE-SEM and TEM images of (a), (b) pure PVA, (c), (d) PVA/MMT, (e), (f)
PVA/MMT/Ag nanocomposite nanofibers

The XRD pattern (Fig. 6) of PVA/MMT/Ag nanocomposite nanofibers show diffraction
peaks at 20 of ca. 19.3¢ 38.20 and 44.60, respectively [Fig. 6(c-e)]. The pure PVA nanofibers
show a significant crystalline peak at about 19.3¢, which is because of the occurrence of
string inter- and intramolecular hydrogen bonding (Fig. 6a). In case of a clay-polymer
composite, unexfoliated or intercalated MMT usually show a peak in the range 3~9° (20)
(Fig. 16). In exfoliated nanocomposites, generally single silicate layers (1-3 nm thick) are
homogeneously dispersed in the polymer matrix, and XRD patterns with no distinct
diffraction peak in the range of 3~9° (20) could be observed (Fig. 6b) (Barber et al., 2005; Zhu
et al., 2007). Except the diffraction peaks of PVA, all the other peaks are corresponding to the
silver phase [Fig. 6 (c-e)]. The peaks of Ag are enlarged with increasing the content of Ag
nanoparticles and crystallinity of PVA/MMT (20 =19.3¢) is lower in comparison with Figure
6b. These peaks are corresponding to the 111 and 200 planes of the silver nanocrystals with
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cubic symmetry. XRD results indicate that MMT and Ag particles are well dispersed in the
PVA nanofibers and MMT is predominantly exfoliated. TEM images further confirm MMT
(Fig. 5d) and Ag nanoparticles (Fig. 5f) in the PVA/MMT/Ag nanocomposite nanofibers.
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Fig. 6. XRD data of PVA/MMT/Ag nanocomposite nanofibers prepared with different Ag
contents of 0 wt.%, 1 wt.%, 3 wt.% and 5 wt.%
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Fig. 7. Schematic representation of PVA/MMT/Ag nanocomposits

4.1.2 Thermal stability

Thermal stability of electrospun PVA, PVA/MMT and PVA/MMT/Ag nanofibers were
measured using TGA in nitrogen atmosphere. Figure 8 shows TGA thermograms of
different decomposition temperature with MMT and Ag contents. The most below curve of
the TGA data (Fig. 8a) represent the pure PVA and the most upper curve (Fig. 8e) is for
mass ratio of 5 wt.% of Ag nanoparticles i.e. the highest mass ratio of Ag contents is used in
our work. Generally, when PVA is pyrolyzed in the absence of oxygen, it undergoes
dehydration and depolymerization at temperature over 200 °C and 400 °C, respectively.
The actual depolymerization temperature depends on the detail structure, molecular weight
and conformation of the polymer. Figure 8(c, d) are displaying the middle masses ratio of
Ag contents at the same trend of thermal stability like the Figure 8(a, e). Within up to 225 °C,
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there is increased in thermal stability from the pure PVA nanofibers to PVA/MMT/Ag
nanofibers. The higher thermal stability of high MMT and Ag content rate might be
attributed to its higher chain compactness due to the interaction between the PVA, MMT
and Ag nanoparticles.
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Fig. 8. TGA data of pure PVA nanofibers and PVA/MMT/Ag nanocomposite nanofibers
prepared with different Ag contents of 0 wt.%, 1 wt.%, 3 wt.% and 5 wt.%

4.1.3 Anti-bacterial efficacy

The preservation efficacy for the PVA/MMT/Ag nanofiber was tested to evaluate the
antimicrobial property (Farrington, 1994). Samples were prepared by dispersing the
nanofibers in a viscous aqueous solution containing 0.01 wt.% of neutralized polyacrylic
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Fig. 9. Preservation performance of PVA/MMT/Ag nanocomposite nanofibers prepared
with different Ag contents of 0 wt.%, 1 wt.%, 3 wt.% and 5 wt.%
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acid (Carbopol 941, Noveon Inc.). A mixed culture of microorganisms, Staphylococcus aureus
(ATCC6538), and Escherichia coli (ATCC25922) were obtained on tryptone soya broth after
24h incubation at 32 °C. Then, 20g of samples were inoculated with 0.2g of the
microorganism suspensions to adjust the initial concentration of bacteria to 107 cfu/g. Then,
the inoculant mixed homogeneously with the samples and was stored at 32 °C. The
microbial counts were carried out using the pour plate count method.

As shown in Figure 9, the PVA/MMT/Ag nanofibers without Ag fail to have the anti-
bacterial performance. The number of bacteria in the test samples remains constant for a
long time. On the contrary, the incorporation of the PVA/MMT/Ag nanofibers into the test
samples result in a remarkable decrease in the number of bacteria. The increase in the
concentration of the Ag nanoparticles in nanofibers accelerates diminishing in bacteria. With
only a small amount of Ag, almost all the initially inoculated bacteria could be sterilized
within a week. This indicates that the PVA/MMT/Ag nanofibers have an anti-bacterial
activity.

4.2 PVA/COS/MMT nanocomposite nanofibers

4.2.1 Morphology and structure property

Changing the polymer mass ratio of PVA/COS and the MMT content in the composite
could alter the fiber diameter and morphology very effectively, as show in Figure 10. At the

(a) PVACOS (6/4)

(€} PYA/COS (L0/0yemed. - |

Fig. 10. FE-SEM images of PVA /COS and PVA /COS/MMT nanocomposite nanofibers
prepared with different polymer blend ratios (MMT 5wt.%)
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operation voltage of 15kV and tip to collector distance of 15cm, a series of nanofibers was
made at a fixed total solid content (12.5 wt.%) but various PVA/COS mass ratio (6/4, 8/2
and 10/0) and 5 wt.% MMT contents (based on the total solid content). It should be noted
that, when the PVA/COS mass ratio in the blend solutions is higher than 6/4, the viscosity
of the solution is too low to be electrospun.

Figures 10 shows dramatic morphological changes as the mass of COS and concentration of
MMT. By carefully comparing the SEM images shown in Figure 10, we found that fiber
diameter show opposite tendency by COS ratio. It is known that the diameter of fibers and
the formation of beads are strongly influenced by the viscoelasticity of the solution (Fong et
al., 1999). Uniform nanofibers with diameters of 200-400 nm were obtained and no any
beads were observed for PVA /COS ratios of 6/4 and 8/2. It was also noticed that the fiber
diameter of PVA/COS is ~200 nm at a PVA/COS mass ratio of 6/4, which is much smaller
than the diameter of fibers obtained at a PVA/COS ratio of 8/2. If total polymer
concentrations are lower than 12.5 wt.%, some small “beads” are presented in nanofibers
(Lee et al., 2009a). By containing MMT, PVA/COS/MMT nanocomposite nanofibers were
aggregated and the homogeneity of the nanofibers was decreased. It can be concluded that,
from the above discussion, the PVA/COS mass ratio and MMT content in the blend
solutions are two important parameters which have remarkable effects on the morphology
of electrospun sub-micron fibers of PVA/COS/MMT blend.
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Fig. 11. TEM images of PVA/COS/MMT nanocomposite nanofibers prepared with different
MMT contents of (a) 0 wt.%, (b) 1 wt.%, (c) 3 wt.%, (d) 5 wt.% and (e) 10 wt% (polymer
solution concentration=12.5 wt.%, PVA /COS blend ratio=8/2)
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The TEM observation reveals the formation of the nanocomposite nanofibers and the
distribution of the MMT in the nanofiber matrix. The TEM image in Figure 11 indicates the
nanosize MMT in the nanofibers electrospun from the solution containing 0-5 wt.% MMT. It
can be clearly observed that each silicate platelet forms a dark line in the nanofiber compare
with the pure PVA nanofiber.

The XRD patterns of the PVA/COS/MMT nanocomposite nanofibers are presented in
Figure 12. It is well known that, in a nanoclay-polymer composite, unexfoliated or
intercalated MMT usually has a peak in the range 3~9¢ (20). For exfoliated nanocomposites,
on the other hand, where single silicate layers are homogeneously dispersed in the polymer
matrix, and no distinct diffraction peak in the range of 3~9¢ (20) should be detected. As
shown in Figure 12, as the amount of COS in the PVA/COS blend fibers is increased [(f) to
(a)], the diffraction peak at about 19.3¢ of pristine PVA becomes broad and the intensity of
the peak becomes low. Also there is no diffraction peak in 3~9¢ (20). This suggests that the
crystallinity of PVA/COS fibers with higher COS amounts (8/2 and 6/4 mass ratios) is
lower in comparison with the electrospun PVA fiber. TEM image (Fig. 11) also confirms that
MMT clays are well dispersed in the nanofibers, and they are predominantly exfoliated.
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Fig. 12. XRD data of electrospun PVA/COS/MMT nanocomposite nanofibers with diffrent
blend ratios and MMT contents

4.2.2 Thermal stability

Thermal stability of electrospun PVA/COS/MMT nanofiber was measured using TGA in
nitrogen atmosphere. The TGA thermograms shown in Figure 13 indicate that the nanofiber
mats with various PVA/COS mass ratios and MMT contents have different decomposition
temperatures. All of the lines show the similar thermogram trend. However, by carefully
comparison, it was found that according to mass ratio of COS and MMT, the thermal
stability was changed. Higher thermal stability of high MMT content rate might be
attributed from its higher chain compactness due to the interaction between the PVA and
the clay.
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Fig. 13. TGA data of electrospun PVA /COS/MMT nanocomposite nanofibers with 0 and 5
wt.% of MMT contents (polymer solution concentration=12.5%, TCD=15 cm, and applied
voltage=15 kV)

4.3 PULL/MMT nanocomposite nanofibers
4.3.1 Morphology and structure property
Both polymer and filler used in this study have hydrophilic character, the modification of

MMT for component mixing was not necessary. As was described in literature (Chiellini,
2003), the solution dispersion method of PULL/clay nanocomposite preparation is often
used and successful. Such method combined with vigorous stirring was also used in this
work to prepare solutions for electrospinning method. Changing the polymer concentration
could alter the fiber diameter and morphology very effectively. In a fixed applied voltage
(15 kV) and TCD (15 cm), we used 10, 15, 20, 25, and 30 wt.% of PULL solution
concentration (Karim et al., 2009). We found that at a 20 wt.% PULL concentration is ideal
condition to obtain thinner and uniform PULL nanofibers. It has been obtained a nanometer
range of ultrafine electrospun nanofibers (100~500 nm) in aqueous solutions as shown in
Figure 14. The diameter of PULL/MMT nanofibers unaffected as well as fibers homogeneity
remains identical with increasing of MMT contents from 1 to 10 wt.%. From Figure 15, TEM
image supports that the coexistence of MMT clay (dark layers) and PULL matrix (light dark
area) for PULL/MMT electrospun fiber mats with 5 wt.% MMT.

The spacing between clay platelets, or gallery spacing, is an indicator of the extent of
intercalation/exfoliation of clay platelets within a polymer matrix and can be observed by
using X-ray diffraction. Figure 16(A) shows the XRD patterns of as received PULL and
MMT, and electropsun PULL/MMT nanofibers with 5 wt.% of MMT contents. Here, the
XRD patterns show an intense diffraction peak in 3~9° for electrospun PULL/MMT
nanofibers, indicating the possibility of having intercalated silicate the layers of clay
dispersed in PULL matrix. There is a broad peak appearing near 19.4°, corresponding to a d
spacing of 4.52 for bulk PULL (Biliaderis et al., 1999).
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Fig. 14. FE-SEM images of PULL/MMT nanocomposite nanofibers prepared with different
MMT contents of (a) 0 wt.%, (b) 1 wt.%, (c) 3 wt.%, (d) 5 wt.% and (e) 10 wt.%

Fig. 15. TEM image of electrospun PULL/MMT nanocomposite nanofibers at 5wt.% MMT

FT-IR spectra give additional information about the structure of nanofibers studied. In
Figure 16(B), examples of spectra of as received PULL powder and electrospun PULL/MMT
(1, 3, 5, and 10 wt.% of MMT) nanofibers at 400-4000 cm-! range are shown. Pure PULL
exhibits identical bands as shown in Figure 16B(e). In the specific area (1500-650 cm1) which
is characteristic for the pullulan molecule as a whole, the spectra for commercial pullulan as
well as those for PULL/MMT electrospun fiber mat samples exhibited similar features. Such
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results confirmed the identical chemical structure of the samples. Strong absorption in 850
cm? is characteristic of the a-D-glucopiranosid units. Absorption in 755 cm! indicates the
presence of a-(1—4)-D-glucosidic bonds, and spectra in 932 cm! proved the presence of a-
(1—6)-D-glucosidic bonds. Besides, in the areas for reference and evaluated samples the
frequencies are analogous (Seo et al., 2004). Bands at 2850-3000 cm! are due to stretching
vibrations of CH and CH; groups and bands attributed to CH/CH> deformation vibrations
are present at 1300-1500 cm? range. Also very intensive, broad hydroxyl band occurs at
3000-3600 cm! and accompanying C-O stretching exists at 1000-1260 cm-1. The absorption
band corresponding to hydroxyl groups of PULL and MMT (3420 cm!) was reduced relative
to the band of CH stretching vibrations (2930 cm) as the interfacial interaction proceeded.
Low intensive carbonyl band, is detected at 1724 cm in PULL spectrum and gradually
reduced after adding the MMT fillers. All these bands are also present in PULL composites
with MMT. The small shifts of absorption maximum and alteration of band shape are results
of changes in the nearest surrounding of functional groups. These observations are
illustrated in Figure 16 for bands in region 1000-1750 cm-. Thus, the FT-IR spectroscopy
supplied also evidences of possible interactions between PULL matrix and MMT clay, which
were suggested above.
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Fig. 16. (A) XRD data of as received PULL, electrospun PULL/MMT nanocomposite
nanofibers and MMT (B) FT-IR data of electrospun PULL/MMT nanocomposite nanofibers
with different MMT contents of (a) 10 wt.%, (b) 5 wt.%, (c) 3 wt.%, (d) 1 wt.% and (e) 0 wt.%
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4.3.2 Thermal stability

The PULL/MMT nanofibers melting and crystalline point was investigated by DSC on
various MMT contents. Figure 17A shows the DSC thermogram of electrospun PULL/MMT
fibers with different mass of MMT contents at a polymer concentration of 20 wt.%. Pure
PULL polymer showed a large thermogram peak of melting transition (Tr,) at ~ 99 °C. This
peak was shifted to 101.4, 102.2, 104.1, and 106.2 °C with the addition of 1, 3, 5, and 10 wt.%
of MMT, respectively. The DSC for the nanofibers shows clearly the melting transitions of
the PULL, in which there were significant effects of the MMT contents. It was suppressed
due to the polymer confinement in accordance with previous work (Strawhecker & Manias
2000). It seems that the inorganic layer affect all polymer morphology also, even though the
MMT content was still low with respect to the PULL matrix (Alla et al., 2006).
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Fig. 17. (A) DSC data of electrospun PULL/MMT nanocomposite nanofibers with various
MMT contents (B) TGA data of electrospun PULL/MMT nanofiber mats with different
MMT contents of (a) 0 wt.%, (b) 1 wt.%, (c) 3 wt.%, (d) 5 wt.% and (e) 10 wt.%

Thermal stability of electrospun PULL/MMT nanocomposite nanofibers was measured
using TGA in nitrogen atmosphere. Figure 17B shows TGA thermograms of different
decomposition temperature with MMT content of 1, 3, 5, and 10 wt.%. The most below
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curve of the TGA data represented the bulk PULL i.e. as received PULL powder with no
MMT contents and the most upper curve was for mass ratio of 10 wt.% of MMT i.e. the
highest mass ratio of MMT content was use in our work. Line (b), (c), and (d) in Figure 17B
were displaying three middle mass ratios of MMT contents at the same trend of thermal
stability like the line (a) and (e). Within up to 265 °C, there is increased in thermal stability
from the pure PULL nanofibers to PULL/MMT (1-10 wt.%) nanocomposite nanofibers. The
higher thermal stability of high MMT content rate might be attributed to its higher chain
compactness due to the interaction between the PULL and the clay materials.

5. Conclusion

PVA/MMT, PVA/MMT/Ag, PVA/COS/MMT and PULL/MMT nanocomposite
nanofibers with aqueous solution are successfully electrospun and characterized by FE-
SEM, TEM, XRD, FT-IR, DSC and TGA. Majority of MMT platelets are exfoliated, and they
are well distributed within the fiber matrix and oriented along the fiber axis. These
exfoliated MMT nanoparticles improved the tensile strength and thermal stability of the
electrospun nanofibers. And well dispersed Ag nanoparticles allow nanocomposite
nanofibers to have a good anti-bacterial performance, which gives a suggestion for the
practical use of a new preservative. The results obtained in this study may help fabricate
high performance electrospun polymer nanocomposite nanofibers that can be utilized in
many industries such as biomedical application, filter, reinforcement in matrix and
protective clothing application.
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