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1. Introduction

Polymer nanocomposites represent a new alternative to conventionally filled polymers
which have significant commercial potential. Polymer nanocomposites are a class of materi-
als in which nanometer scaled inorganic nanomaterials are dispersed in an organic polymer
matrix in order to improve the structures and properties of the polymers effectively. An ad-
vanced morphologies and improved properties are expected from the polymer nanocompo-
site materials due to the synergetic effect of the comprising components which could not be
obtained from the individual materials. The incorporation of a small amount of inorganic
materials such as metal nanoparticles, carbon nanotubes (CNTs), clay into the polymer ma-
trix significantly improve the performance of the polymer materials due to their extraordi-
nary properties and hence polymer nanocomposites have a lot of applications depending
upon the inorganic materials present in the polymers [34; 41; 58; 63].

There are many types of nanocomposites such as polymer/inorganic particle, polymer/poly-
mer, metal/ceramic, and inorganic based nanocomposites which have attracted much inter-
est to the scientists [59]. These types of polymer nanocomposites have diverse field of
applications such as optics, electrical devices, and photoconductors, biosensors, biochips, bi-
ocompatible thin coatings, biodegradable scaffolds, drug delivery system and filter systems
[81; 29; 30; 35; 46; 49; 51].
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18 Nanocomposites - New Trends and Developments

There are so many methods to produce polymer nanocomposites such as simple mixing of
required inorganic materials with polymers [38], in-situ polymerization of monomers in-
side the galleries of the inorganic host [31], melt intercalation of polymers [53; 54] etc. On
the other hand, to blend polymers directly with inorganic materials, microwaves, latex-col-
loid interaction, solvent evaporation, spray drying, spraying a polymer solution through a
small orifice and Shirasu Porous Glass (SPG) membrane emulsification technique are em-
ployed [1; 7; 33; 36; 44; 59].

Electrospinning is one of the most important techniques for preparing polymer nanocompo-
sites nanofibers that has attracted great interest among academic and industrial scientists.
Electrospinning is a very simple, low cost, and effective technology to produce polymer
nanocomposite nanofibers which have exhibited outstanding physicochemical properties
such as high specific surface area, high porosity and resistance against microorganism.
These nanofibers are widely used as separation filters, wound dressing materials, tissue en-
gineering, scaffold engineering, drug delivery, sensors, protective clothing, catalysis reac-
tion, etc. [3; 16; 19; 26; 28; 32; 38; 43; 47; 55; 56; 57; 59; 64]. Electrospraying is as the same as
electrospinning and widely used to prepare polymer nanocomposite nanoparticles. The
main distinguishable characteristics between electrospinning and electrospraying is the sol-
ution parameter that is low concentrated polymer solution is used during electrospraying.

Suspension polymerization is also another synthetic method to produce a whole range of
polymer/inorganic nanocomposites. It is low cost, effective, and easy to manipulate and con-
trol particle size. In suspension polymerization technique there are some variables which
have great effect on the polymerized microspheres. These variables include the type and
amount of initiator and suspending agent, the polymerization temperature, the monomer to
water ratio, and the agitation speed [14; 11; 17; 18; 25].

Fabrication of polymer nanocomposites with various morphologies by using different tech-
nique such as, electrospinning, electrospraying, and in-situ suspension polymerization has
been discussed in this article. Inorganic nanomaterials such as, carbon nanotube (CNTs),
gold (Au) and silver (Ag) nanoparticles, and inorganic clay, montmorillonite (MMT), were
incorporated within the polymer, poly (vinyl alcohol) (PVA), matrix using the method men-
tioned above. These nanocomposites were characterized by field emission-type scanning
electron microscope (FE-SEM), transmission electron microscopy (TEM), optical microscopy,
and differential scanning calorimetry (DSC). The anti-bacterial performance of polymer
nanofibers was also discussed.

2. Backgrownd

Inorganic nano-structured materials and their nano-composites have potential applications
in microelectronics, optoelectronics, catalysis, information storage, textile, cosmetics and bi-
omedicine. For instance, TiO,, silver, gold, carbon nanotubes (CNTs), nano-clay and their
nanocomposites are widely used in diverse fields for their anti-microbial, UV protecting,
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photo-catalyst, electrical conductive and flame retardant characteristics [4; 5; 6; 10; 15; 22; 39;
48; 52; 62].

Semi-crystalline structure, good chemical and thermal stability, high biocompatibility, non-
toxicity, and high water permeability have made poly(vinyl alcohol) (PVA) the promising
candidate for a whole range of applications especially in the medical, cosmetic, food, phar-
maceutical and packaging industries [24; 27; 28; 42]. The outstanding physicochemical prop-
erties and unique structures of carbon nanotubes (CNTs) have made them attractive
material for a whole range of promising applications such as supports for inorganic nano-
materials, central elements in electronic devices, building blocks for the fabrication of ad-
vanced nano devices and catalyst. They also have anti-microbial activity [39; 22].

Metal nanoparticles have potential application in diverse field of modern science [6]. Gold
nanoparticles have novel biomedical applications for their anti-bacterial, anti-fungal, and
electrical conductive characteristics. Antibacterial effectiveness against acne or scurf and no
tolerance to the antibiotic have caused their commercial usage in soap and cosmetic indus-
tries [5; 15; 37; 60; 62]. Excellent structure depended physicochemical properties of silver
nanoparticles have expanded their potential applications such as a photosensitive compo-
nents, catalysts, chemical analysis, antibacterial and disinfectant agents. Silver nanoparticles
have excellent resistance against microorganisms. Introducing Ag nanoparticles into poly-
mer matrix improve the properties and expand the applications of polymer nanocomposites
[6; 13; 38; 45; 59].

As an inorganic materials, MMT has been widely used in polymer nanocpomosites to im-
prove their mechanical, thermal, flame-retardant, and barrier properties. A small amount
of MMT is effective enough to promot preformance of polymer composites. It is regularly
used for packaging and biomedical applications [9; 38; 50].

3. Experimental

3.1. Materials

PVA with P, (number-average degree of polymerization) = 1,700 [fully hydrolyzed, degree
of saponification = 99.9%] was collected from DC Chemical Co., Seoul, Korea. MMT was
purchased from Kunimine Industries Co., Japan. Hydrogen tetrachloro aurate trihydrate
(HAuCl,.3H,0), tetra-n-octylammonium bromide (TOAB), sodium borohydride (NaBH,), 4-
(dimethylamino)pyridine (DMAP), polyvinylpyrrolidone (PVP, Mw = 10,000) were pur-
chased from Sigma-Aldrich, toluene from Junsei, MWNT (CM-95) from ILJIN Nanotech Co.
Ltd., and aqueous silver nanoparticle dispersion (AGS-WP001; 10,000 ppm) with diameters
ca.15-30 nm was purchased from Miji Tech., Korea. All of these chemicals were used as re-
cieved. Gold (Au) nanoparticles were synthesized following the method described else-
where by reducing gold salt between water/toluene interfaces and stabilized by TOAB in
toluene. Finally to obtain highly polarized Au nanoparticles, an aqueous 0.1M DMAP solu-
tion was added to the as-made Au nanoparticles of the same volume [2; 12]. Doubly distilled
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20 Nanocomposites - New Trends and Developments

water was used as a solvent to prepare all the solutions. Vinyl acetate (VAc) purchased from
Aldrich was washed with aqueous NaHSO; solution and then water and dried with anhy-
drous CaCl,, followed by distillation in nitrogen atmosphere under a reduced pressure. The
initiator, 2,2’-azobis(2,4-dimethylvaleronitrile) (ADMVN) (Wako) was recrystallized twice in
methanol before use [21] PVA with a number-average molecular weight of 127,000 and a de-
gree of saponification of 88% (Aldrich) was used as a suspending agent.

3.2. Electrospinning nanocomposite nanofibers

The electrospinning was performed following our previous work [38]. Our group has opti-
mized the best condition to make PVA blend nanofiber such as polymer concentration, elec-
tric voltage applied to create Taylor cone of polymer solutions, tip-collector distance (TCD),
and solution flow rate etc. [20; 23; 26; 27; 38]. The polymer blend solution was contained in a
syringe. During electrospinning, a high voltage power (CHUNGPA EMT Co., Korea) was
applied to the polymer solution by an alligator clip attached to the syringe needle. The ap-
plied voltage was adjusted to 15 kV. The solution was delivered through the blunt needle
tip by using syringe pump to control the solution flow rate. The fibers were collected on an
electrically grounded aluminum foil placed at 15 cm vertical distance to the needle tip. The
electrospinning process is shown schematically in Figure 1.

Ayringe Meedle

\ Polymer Solution \/ | Tip-Collector Distance

—

Purnp

Collector

+
High Voltage
Power Bupply T

Figure 1. Schematic representation of electrospinning process

3.3. Electrospraying nanocomposite nanoparticles and nanosphere

The principle and apparatus setting of electrospraying and electrospinning techniques is the
same. The most important variable distinguishing electrospraying and electrospinning is
solution parameter such as polymer molecular weight, concentration and viscosity, etc. Our
group has optimized the suitable conditions for electrospraying to prepare nanoparticles
and nanosphere. During electrospraying 15-30 kV power was applied to the PVA solution to
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fabricate PVA/MWNT nanoparticles and PVA/MWNT/Ag nanospheres and the solution
concentration was fixed at 5 wt% of PVA, 1 wt% of MWNTs and 1 wt % of Ag nanoparticles.
The nanoparticles and nanospheres were collected on an electrically grounded aluminum
foil placed at 15 cm vertical distance to the needle tip.

3.4. Suspension polymerization and saponification of nanocomposite microspheres

Vinyl acetate (VAc) was polymerized through suspension polymerization method to pre-
pare PVAc/MWNT nanocomposite microspheres following the procedure describled else-
where [21]. Monomer and MWNTs were mixed together prior to suspension
polymerization. Suspending agent, PVA, was dissolved in water under nitrogen atmosphere
and ADMVN was used as an initiator. After 1 day cooling down of the reaction mixture, the
collected PVAc/MWNTs nanocomposite microspheres were washed with warm water. To
produce PVAc/PVA/MWNT core/shell microspheres, the saponification of PVAc/MWNT
nanocomposite microspheres was conducted in an alkali solution containing 10 g of sodium
hydroxide, 10 g of sodium sulfate, 10 g of methanol and 100 g of water following the meth-
od reported by [21]. PVAc/PVA/MWNT core/shell microspheres were washed several times
with water and dried in a vacuum at 40 C for 1 day.

3.5. Anti-bacterial test

Resistance of PVA/MWNT-Au nanofibers against Staphylococcus aureus (ATCC6538) were
performed following the conditions described in a report published by [38]. Samples were
prepared by dispersing the nanofibers in a viscous aqueous solution containing 0.01 wt.% of
neutralized polyacrylic acid (Carbopol 941, Noveon Inc.). A mixed culture of microorgan-
ism, Staphylococcus aureus (ATCC6538) was obtained on tryptone soya broth after 24 h incu-
bation at 32 C. Then, 20 g of samples were inoculated with 0.2 g of the microorganism
suspension 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.

3.6. Characterization

Field-emission scanning electron microscopic (FE-SEM) images were obtained using JEOL,
JSM-6380 microscope after gold coating. The transmission electron microscopy (TEM) analy-
sis was conducted on an H-7600 model machine (HITACHI, LTD) with an accelerating volt-
age of 100 kV. The thermal properties were studied with differential scanning calorimeter
(DSC) (Q-10) techniques from TA instruments, USA under the nitrogen gas atmosphere. The
core/shell structure of PVAc/PVA/MWNT nanocomposite microspheres was examined us-
ing an optical microscope (Leica DC 100). The degree of saponification (DS) of PVAc/PVA/
MWNT nanocomposites microspheres was determined by the ratio of methyl and methyl-
ene proton peaks in the 'H-NMR spectrometer (Varian, Sun Unity 300) [21]. The antibacteri-
al performance was investigated to examine the biological function of PVA/MWNT/Au
nanofibers by KSM 0146 (shake flask method) using ATCC 6538 (S. aureus) [38].

21
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4. Results and discussion

4.1. PVA/MWNT-Au nanocomposite nanofibers

4.1.1. Morphology

Figure 2 shows the FE-SEM images of pure PVA and PVA/MWNT-Au nanocomposite nano-
fibers and they are compared each other. The high magnification images are shown in the
insets of each respective image. It can be seen from Fig. 2 that the average diameter of PVA/
MWNT-Au nanocomposite nanofiber is increased compared to pure PVA nanofiber due to
the incorporation of MWNT-Au nanocomposites into PVA nanofiber. The average diameter
of pure PVA nanofibers is estimated ca. 300 nm whereas that of the PVA/MWMT-Au com-
posite nanofiber is ca. 400 nm. Moreover, the PVA/MWNT-Au nanofibers are found quite
smooth and bead free as like as pure PVA nanofiber. This result indicates that MWNT-Au
nanocomposites have expanded the morphology of PVA nanofiber and they have been em-
bedded well within the PV A nanofiber.

5um 5 um

Figure 2. FE-SEM images of (a) pure PVA and (b) PVA/MWNT-Au nanocomposite nanofibers (PVA solution concentra-
tion =10 wt%, TCD=15 c¢m, and applied voltage=15 kV; inset: high magnification morphologies of related images).

The detailed morphologies of the PVA/MWNT-Au nanocomposite nanofibers are investigat-
ed by transmission electron microscopy (TEM). Figure 3 demonstrates the TEM images of
pure PVA and PVA/MWNT-Au composite nanofiber. Distributions of Au nano particles on
the sidewalls of MWNTs and the structures of MWNT-Au composites are reported in our
previous publication [40]. MWNT-Au nanocomposites are found unaltered into the polymer
matrix comparing with our previous work [40]. A single isolated MWNT-Au nanocomposite
is clearly seen in Figure 3 (b). This TEM image reveals that Au nanoparticles are remaining
attached on the sidewalls of MWNTs and MWNT-Au nanocomposites are distributed along
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the PVA nanofiber which supports the smooth and uniform morphology of PVA/MWNT-
Au composite nanofiber observed in the SEM images.

Moreover, this TEM image confirms that composites of MWNTs and Au nanoparticles were
embedded well within the PVA nanofiber rather than cramming MWNTs and Au nanopar-
ticles randomly. This might be a unique architecture of polymer nanofiber containing CNTs
decorated with metal nanoparticles. However, some MWNT-Au composites were clustered
together which is shown in Fig 3(c). This image indicates that in a polymer matrix MWNT-
Au composites can be distributed randomly within the entire length of nanofiber.

@ ®)
=, z MWNT-Au
composite

100 nm

MWNT-Au
composite

Figure 3. TEM images of (a) pure PVA nanofiber, and (b)-(c) PVA/MWNT-Au nanocomposite nanofibers. A single iso-
lated (b) and an aggregated (c) MWNT-Au composites are clearly visible inside the fibers in which the Au nanoparti-
cles are strongly attached to the surface of MWNTSs. (PVA solution concentration= 10 wt%, TCD=15 cm, and applied
voltage=15 kV.)

4.1.2. Thermal properties

Pyrolysis of PVA in nitrogen atmosphere undergoes dehydration and depolymerization at
temperatures greater than 200 and 400 C, respectively. The actual depolymerization temper-
ature depends on the structure, molecular weight, and conformation of the polymer [26]

23
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Thermo gravimetric analysis (TGA) was conducted in nitrogen atmosphere to investigate
the thermal stability of electrospun PVA/MWNT-Au nanocomposite nanofibers and the data
were compared with pure PVA nanofibers. Figure 4 shows the TGA thermograms of pure
PVA and PVA/MWNT-Au nanocomposite nanofiber at different decomposition tempera-
ture. Though the change is unclear but it can be assumed from the TGA thermograms that
the thermal property of PVA/MWNT-Au nanocomposite nanofibers is different from pure
PVA nanofiber [26].This result suggest that incorporating MWNT-Au nanocomposites can
cause a change in thermal stability of PVA/ MWNT-Au nanocomposites nanofiber.

4.1.3. Antibacterial efficacy

CNTs and Au nanoparticles both have strong inhibitory and antibacterial effects as well as a
broad spectrum of antimicrobial activities [5]. In this work, we have investigated the antibac-
terial efficacy of PVA/MWNT-Au nanocomposites nanofibers. The data obtained from the
resistance of nanocomposite nanofiber against bacteria were compared with those of pure PVA
nanofiber. The antibacterial test was performed in viscous aqueous test samples and shown
in Fig. 5. The performance of nanofiber against bacteria was evaluated by counting the num-
ber of bacteria in the sample with the storage time at 32 °C. As shown in Fig. 5, pure PVA
nanofibers are not effective enough to prevent the growth of bacteria and hence, a number of
bacteria in the test samples remaining constant for along time. On the other hand, PVA/MWNT-
Au nanocomposites nanofibers exibit a remarkable inhibition of bacterial growth complete-
ly. Thisresultindicates that only a small amount of MWNT-Au nanocomposites have improved
anti-bacterial efficacy of PVA nanofibers and can make PV A nanofibers more efficient against
bacteria. These featurs might have a potential medical applications.

100 f

80 ¢

60 |

Weight %

40 |

20 ¢

0 100 200 300 400 500 600
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Figure 4. TGA thermographs of pure PVA and PVA/MWNT-Au composites nanofibers (PVA solution concentration =
10 wt%, TCD=15 cm, and applied voltage=15 kV)
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Figure 5. Anti-bacterial performance test of (a) blank, (b) pure PVA and (c) PVA/MWNT-Au nanocomposites nanofib-
ers against the bacteria, Staphylococcus aureus. (PVA solution concentration = 10 wt%, TCD=15 c¢cm, and applied volt-
age=15kV)

4.2. PVA/MWNT/Ag nanocomposite nanoparticles and nanospheres

4.2.1. Morphology

Nanoparticles and nanospheres of PVA/MWNTs and PVA/MWNT/Ag nanocomposites
were prepared by electrospraying technique following the methode describe in our previ-
ous report. Morphologies of these nanoparticles and nanospares are investigated by trans-
mission electron microscopy and they were compared each other. Figure 6 shows the TEM
images of PVA/MWNT nanocomposite nanoparticles. It can be seen from the TEM im-
ages that CNTs were crammed into PVA nanoarticles with a random manner and the CNTs
were embeded within the particles rather than stiking on the surfaces of the nanoparti-
cles. The incorporation of CNTs into the PVA nanoparticles expanded the morphologies
of the nanocomposite nanoparticles. The shapes were lengthened and crinkled and the
sizes were increased. This results suggest that CNTs have an effect on the morphologies
of PVA nanoparticles.

Figure 6. TEM images of the PVA/CNT nanoparticles using electrospraying (PVA solution concentration = 5 wt%,
MWNTSs concentration = 1 wt%, TCD=15 c¢m, and applied voltage=15 kV)

25
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To prepare multifunctional nanocomposites, PVA/MWNT/Ag nanocomposites nanospheres
were also prepared by electrospraying. TEM images in Figure 7 exhibit the morphologies of
PVA/MWNT/Ag nanocomposites nanospheres.

A spherical morphology rather than particulates was obtained. Ag nanoparticles are distrib-
uted uniformly within the nanosphere together with CNTs but the Ag nanoparticles were
not attached with the surfaces of CNTs. Moreover, Ag nanoparticles did not agglomate

within the nanosphere.

Figure 7. TEM images of the PVA/CNT/Ag nanosphere using electrospraying (PVA solution concentration = 5 wt%,
MWNTs concentration = 1 wt%, Ag concentration = 1 wt.%, TCD= 15 ¢cm, and applied voltage = 15 kV ).

4.3. PVA/MWNT/Ag/MMT nanocomposite nanofibers

4.3.1. Morphology

Multifunctional nanocomposites nanofibers composed of PVA, MWNTs, Ag nanoparticles
and clay, MMT, were also prepared in aqueous medium by electrospinning. Figure 8 rep-
resents the TEM images of PVA/MWNT/Ag/MMT multifunctional nanocomposites nanofib-
ers electrospun from 5 wt% MMT solutions containing different amounts of carbon nanotubes
(CNTs) (none, 0.1, and 0.5 wt%). PVA forms very smooth nanofibers but the addition of
MMT clay and Ag nanoparticles into the polymer matrix increas the diameters of the nano-
fibers. The addition of MMT crinkled the fibers shape and may planes with many edges
developed on surfaces of the nanofibers [38; 61]. It can be seen from Figure 8 (b) and (c)
that CNTs were embeded along the fiber directions. Ag nanoparticles were unifromly dis-
tributed within the fibers and on the fiber cross-section [38]. It can be clearly seen that the
increase of CNTs amount increased the diameter of the nanofibers and expand the mor-

phology of the multifunctional nanocomposite nanofibers.
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Figure 8. TEM images of electrospun PVA/MWNT/Ag/MMT multifunctional composite nanofibers with different CNT
contents of 0 wt% (a), 0.1 wt% (b), and 0.5 wt% (c) (Polymer concentration = 10 wt%, MMT concentration= 5 wt%,
Ag concentration = 1 wt%, TCD= 15 cm, and Applied voltage= 15 kV).

4.3.2. Thermal properties

Thermal properties of electrospun PVA/MWNT/Ag/MMT multifunctional composite nano-
fibers were measured using Differencial Scanning Calorometry (DSC) in nitrogen atmos-
phere. Figure 9 shows the DSC thermograms of electrospun PVA/MWNT/Ag/MMT
multifunctional composite nanofibers containing different CNT contents (none, 0.1 and 0.5
wt%). A large endothermic peak was observed at 224 C in the DSC curve obtained from on-
ly PVA nanofibers (Figure 9a).

The peak of PVA/MMT/Ag was moved to higher temperature i.e 226.5 C while their was no
CNTs (Figure 9b). This result indicates that Ag content increased the thermal stability [38].
With the addition and increase of CNTs content into the PVA/MMT/Ag nanocomposite
nanofibers, the peaks of PVA/MWNT/Ag/MMT composite nanofibers in Figure 9 (c) and (d)
shifted to 228 and 229 C, respectively. These results indicate that the addition of carbon
nanotubes (CNTs) improves the thermal properties of PVA/MWNT/Ag/MMT composite
nanofibers. Moreover, the increased amount of CNTs increase the thermal stability of PVA/
MWNT/Ag/MMTcomposite nanofibers. These results suggest that the incorporation of
CNTs into the multifunctional PVA composite nanofibers might increase their thermal sta-
bility significantly.
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Figure 9. DSC data of electrospun PVA nanofibers (a), and PVA/MWNT/Ag/MMT multihybrid nanofibers with differ-
ent CNT contents of 0 wt.% (b), 0.1 wt.% (c), and 0.5 wt.% (d) (Polymer concentration = 10 wt.%, MMT concentra-
tion=5 wt.%, Ag concentration = 1 wt.%, TCD= 15 cm, and Applied voltage= 15 kV).

4.4. PVAc/PVA/MWNT microspheres

4.4.1. Morphology

Figure 10 represents the FE-SEM images of the PVAc/MWNT microspheres prepared by
suspension polymerization [21]. It can be seen from Fig. 10 that sizes of the PVAc/MWNTs
microspheres are not uniform. A single microsphere is enlarged and its rough surface is ob-
served where as the surface of the PVAc microspheres is smooth [21]. The roughness of the
surface was caused by the presence of MWNTs which is clearly seen in the highly magnified
image in Figure 10. To understand the surface morphology of the PVAc/MWNT micro-
spheres better, their fracture surface was investigated by SEM which is represented in Fig-
ure 11. The rough surface shown in the enlarged images cofirms that the MWNTs were
evidently incorporated within the PVAc microspheres by suspension polymerization.

500 um 25um 250 nm

Figure 10. SEM images of the PVAC/MWNT microspheres prepared by suspension polymerization. A single PVAc/
MWNT microsphere and its surfaces are enlarged with different magnifications
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25 um 250 nm

Figure 11. SEM images of the fracture part of a PVAc/MWNT microsphere prepared by suspension polymerization

4.4.2. Optical micrographs

PVA/MWNT nanocomposite microspheres were prepared by heterogeneous saponification
following the method reported in our previous work [21]. The spherical shapes of PVAc/
MWNT nanocomposite particles were maintained during saponificaion process by dispers-
ing PVAc/MWNT nanocomposite particles in aqueous alkali solution with very gentle agi-
tation. The optical micrographs of PVAc/PVA/MWNT nanocomposite microspheres prepared
by heterogeneous saponification are presented in Figure 12. It can be seen from the micro-
graphs that composite microspheres with a PVAc core and PVA shell structure were ob-
tained and MWNTs were distributed throughout the core/shell microshpere.

100 pm

Figure 12. Optical micrograph of the PVAc/PVA/MWNT core/shell microspheres (The saponification times and DS val-

ue was 4 h and 18%.
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5. Conclusions

Polymer nanocomposites of different types and structures have been successfully pre-
pared and characterized by by FE-SEM, TEM, TGA, DSC, optical microscopy and antibac-
terial efficacy test. PVA/MWNT-Au, and PVA/MWNT/Ag/MMT nanocomposites nanofibers
were prepared by electrospinning from aqueous solution. Electrospinning technique was
employed to prepare PVA/MWNT/Ag nanoparticles and nanospheres. PVAc/PVA/
MWNTs core/shell microsphere were prepared by saponication of PVAc/MWNTs micro-
sphere prepared by suspension polymerization. Au nanoparticles were remaining attach-
ed with MWNTs within the PVA/MWNT-Au nanofibers. MWNT-Au nanocomposites
expanded the morphologies and improved the properties of PVA/MWNT-Au nanofibers.
MWNT-Au nanocomposites showed significatant performance against bacteria. MMT and
MWNTs increased the diameters of the PVA/MWNT/Ag/MMT nanocomposites nanofib-
ers. Silver nanoparticles were distibuted well within the PVA/MWNT/Ag nanocompo-
sites nanoparticles. The results obtained in this study may help to fabricate polymer
nanocomposite in order to improve their properties and expand their applications in the
field of modern science.
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