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ABSTRACT

Electrically conductive nanocomposites polymer of poly(vinyl alcohol)/PVA, glutaraldehyde (GA) and
multiwalled carbon nanotubes (MWCNT) has been successfully synthesized. The polymer nanocomposites were
prepared by mixing PVA, GA (crosslinker), and MWCNT dispersion with an aid of ultrasonic homogenizer at 50 °C.
The content of MWCNT, in particular, was varied in order to determine the effect of MWCNT on electrical
conductivity of polymer composites. The polymer mixture was casted into a disc to obtain a thin film. The electrical
conductivity, surface morphology, and mechanical properties of the composites film were investigated by means of
four probes method, FTIR spectroscopy, XRD, SEM, AFM, and tensile strength measurement, respectively. It was
found that the optimum composition of PVA (10%): GA (1%): MWCNT (1%) was 20:20:3 in volume ratio. The
addition of MWCNT induced the electrically conductive network on polymer matrix where the electrical conductivity
of nanocomposites film significantly increased up to 8.28 x 102 S/sq due to reduction of the contact resistance
between conductive filler. Additionally, the mechanical strength of nanocomposites polymer were significantly
increased as a result of MWCNT addition. Modification of morphological structure of composite film as indicated by
FTIR spectra, XRD patterns, SEM and AFM images verified the effective MWCNT filler network in the polymer
matrix.

Keywords: electrical conductivity; nanocomposites; poly(vinyl alcohol); multiwalled carbon nanotubes
ABSTRAK

Polimer konduktif berbasis nanokomposit poli(vinil alkohol)/PVA, glutaraldehid/GA, dan multiwall carbon
nanotubes (MWCNT) telah berhasil disintesis. Polimer nanokomposit dibuat dengan mencampurkan larutan PVA
dan agen crosslinker glutaraldehid (GA) dengan menggunakan homogeniser ultrasonik pada 50 °C. Komposisi
nanofiller MWCNTdivariasikan untuk mengetahui pengaruh penambahan MWCNT terhadap hantaran listrik polimer
komposit PVA/GA. Campuran larutan polimer kemudian dicetak untuk memperoleh filim tipis. Hantaran listrik,
morfologi permukaan, dan kekuatan mekanik dari film polimer komposit dikarakterisasi dengan menggunakan
metode 4-probe, spektroskopi FTIR, XRD, SEM, AFM, dan pengukuran tensile strength secara berturut-turut. Hasil
penelitian menunjukkan bahwa komposisi optimum PVA (10%): GA (1%): MWCNT (1%) adalah 20:20:3
(perbandingan volume). Penambahan MWCNT menginduksi hantaran listrik dalam matrik polimer PVA/GA dimana
hantaran listrik film nanokomposit meningkat secara signifikan sampai 8,28 x 102 S/sq akibat pengurangan
hambatan kontak diantara filler konduktif. Selain itu, kekuatan mekanik polimer komposit meningkat secara
signifikan dan morfologi permukaan film mengalami modifikasi sebagai akibat penambahan MWCNT seperti
ditunjukkan oleh spektra FTIR, pola XRD, foto SEM dan AFM, yang membuktikan pengisian filler MWCNT secara
efektif dalam matrik polimer PVA/GA.

Kata Kunci: hantaran listrik; nanokomposit; poli(vinil alkohol); multiwall carbon nanotubes

INTRODUCTION

Recently, the need of conductive materials for
electronic devices application i.e. smart window, light
emitting diode, sensor, screen display, touch panel, and
among others, is increasing in line with the massive
development of the information and telecommunication
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technologies [1-2]. Commonly, the raw materials for
electronic device application were synthesized from
organic/inorganic materials which have conductive
properties. However, those materials have some
disadvantages i.e. predominantly imported products,
limited availability, high cost, non-renewable, and non-
degradable. Hence, exploration and development of
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alternative materials for device application should be
more attractive to overcome those issues.

Polymer is one of the most abundant materials
since it can be synthesized from various sources.
Therefore, it is really favorable for many applications.
The insulator property of polymers gives the limitation for
its application in development and fabrication of
electronic devices. On the other hand, the invention of
conducting polymer by Shirakawa and Fleeger has been
inspiring many researchers who work in polymer subject
to improve and to modify any kind of polymers as
conducting materials through adjustment of their
electrical conductivity [3]. In general, polymers have
unique properties such as flexibility, transparency,
lightweight, and mechanical strength. Additionally, it
offers advantages since its synthesis method is more
divergent, simpler, and low cost, being promising for
fabrication of conducting materials. Several natural
polymers (poly-lactic acid, carrageenan, and chitosan)
have been reported as raw material for that purpose [4].

Among the polymers, poly vinyl alcohol (PVA) is a
very attractive material and has been used as the
polymer host to form conductive polymer since it is
stable both thermally and environmentally, nontoxic,
water soluble, and has good film forming capacity. PVA
has carbon chain backbone with hydroxyl groups
attached where the O-H bonds in the PVA assist the
polymer complex formation [5]. PVA also has some good
advantages such as high mechanical strength, excellent
ionic conductivity, non-toxic, biocompatible, biodegradable
and easy to prepare [6-8]. PVA has been used to
fabricate environmentally friendly electrochemical devices
such as lithium battery [9], electrochemical capacitor [10]
and supercapacitor [11]. Tailoring electrical properties of
PVA by insertion of additives i.e. metals, electrolytes,
and nanoparticles have been reported [12-13]. In this
connection, PVA, a good insulating material with low
conductivity whose charge storage capability that can be
markedly influenced by doping the suitable impurities
has been chosen as the host polymer to obtain an
enhanced conductivity.

On the other hand, nanocomposite materials with
nanoscale fillers have emerged in the past decades as a
promising novel class of materials, which take
advantage of greatly increased specific interfacial area,
higher  achievable loads, controlled interfacial
interactions, and higher overall compliance. The
mismatch of the physical properties of the components
becomes much less critical and the interfacial area
between the filler and the matrix is maximized so that the
interfacial strength can be much improved [14].
Currently, multifunctional nanocomposites with much
improved mechanical performances are primarily
fabricated by addition of pre-treated carbon nanotubes

and nanofibers [15-16], inorganic nanopatrticles [17-18],
and metal nanostructures [17-19].

Carbon nanotubes (CNTs) have become one of
the most actively studied materials because of their
excellent properties, including low mass density, high
flexibility, and remarkable mechanical, electrical, and
thermal properties [20]. The extraordinary electrical
conductivity [21] and very high aspect ratio (ca. 300—
1000) of CNT have made it one of the most promising
conductive fillers for producing conductive polymer
composite materials [22-23]. Carbon nanotubes (CNT)
are nanoscale carbon materials having unique
combination of mechanical, electrical, and thermal
properties compared to other materials, offering many
advantages for application in various fields. Besides,
the distinctive characteristic of CNT i.e. superior
surface area, high electrical conductivity, and low
percolation of CNT when it is dispersed into polymer
matrix, making CNT as one of excellent candidates of
polymer filler [24]. The insertion of CNT into polymer
matrix can ensure the improvement of electrical and
mechanical properties of polymer.

The percolation theory is commonly used to
describe the insulator-to-conductor transition in
conductive filler-filled polymer composites. The
electrical percolation threshold is the minimum filler
concentration at which a conductive percolated
pathway of the conductive filler is formed through the
polymer matrix. Well dispersed CNT into polymer
matrix is the main reason for the percolation threshold
of the composites [25]. In this study, we prepared the
composite of PVA and CNT for development of
conductive film material.

EXPERIMENTAL SECTION
Materials

PVA with an average molecular weight (MW) of
about 60000 and a degree of hydrolysis of 98—99%,
glutaraldehyde (GA), methanol, and sulphuric acid in
pro analysis grade were purchased from Merck.
Multiwalled carbon nanotubes (MWCNT) produced by
chemical vapor deposition method was obtained from
Wako Chemical, Japan. Compositions of polyvinyl
alcohol, crosslinker (GA) [26], and multiwalled carbon
nanotubes (MWCNT) used for the preparation of
conductive film are shown in Table 1. The PVA and GA
solutions were mixed at 50 °C for 2 min with an aid of
ultrasonication. Hereafter, MWCNT dispersion was
gradually added into solution mixture. The
homogeneous mixture was then casted and dried to
obtain thin film.
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Instrumentation

Instrumentation were used are Fourier transform
infrared (FTIR) spectroscopy (Shimadzu), X-ray
diffractometer (Rigaku Smartlab), atomic force
microscopy (AFM, Agilent Technologies-5500SUl),
scanning  electron  microscopy (SEM, JEOL-
JSM6335FS), tensile strength (Textechno-41066), and
four probes (Chemical Analytech, Loresta-GP, MCP-
610).

Procedure

Preparation of composite films

Compositions of PVA, crosslinker (GA), and
multiwalled carbon nanotubes (MWCNT) used for the
preparation of conductive film are shown in Table 1. The
PVA and GA solutions were mixed at 50 °C for 2 min
with an aid of ultrasonication. Hereafter, MWCNT
dispersion was gradually added into solution mixture.
The homogeneous mixture was then casted and dried to
obtain thin film.

Characterization of composite films

Fourier transform infrared (FTIR) spectroscopy
(Shimadzu) measurement on thin film was carried out in
the wavenumber region from 4000 to 400 cm. The
FTIR were used for identifying the vibration regions of
functional groups such as alkyl group, hydroxyl group,
carboxyl, and other functionalities in the polymer matrix.
The changes in FTIR characteristics of composites
polymer induced by various amounts of CNT were also
investigated. The X-ray diffraction studies were
performed using an X-ray diffractometer (Rigaku
Smartlab) with 26 ranging from 5° to 60°. The X-ray
source is CuKa radiation with the wavelength (A =
1.54056 A). The atomic force microscopy (AFM, Agilent
Technologies-5500SUl) and scanning electron
microscopy (SEM, JEOL-JSM6335FS) measurement
were conducted to obtain the information of morphology,
rheology, and thickness of film surface. The mechanical
strength and electrical conductivity of composite films
were measured by means of Textechno-41066 and four
probes (Chemical Analytech, Loresta-GP, MCP-610),
respectively.

RESULT AND DISCUSSION
Characteristics of Composite Films

Fig. 1 represents the images of as-synthesized
films of composite polymer with and without MWCNT
insertion at different ratio. The MWCNT can
homogenously dispersed in the polymeric matrix. The
transparency of films slightly reduced by addition of

MWCNT, indicating well distributed of MWCNT into
polymer matrix.

Scanning  electron
composite films

The scanning electron microscopy images (Fig. 2)
demonstrates the flat-like surfaces and cross-sectional
images of composites polymer films of PVA/GA (a, b)
and PVA/IGA/MWCNT (c, d), respectively. The well
dispersed MWCNT into polymer matrix of PVA/GA was

microscopy images of

Table 1. Composition (volume) ratio of PVA, GA and
MWCNT

Sample PVA (10%) GA (1%) MWCNT (1%)
) 20 20 2
) 20 20 4
@) 20 20 5
) 20 20 6
(5) 20 20 8
(6) 20 20 10
@) 20 20 12
8) 20 20 14

Fig 1. Composite polymer film images: (a) PVA/GA and
(b) PVA/IGA/IMWCNT

Fig 2. The SEM images of surface and cross-sectional
of composite films of (a, b) PVA/GA and (c, d)
PVA/GA/IMWCNT, respectively
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Fig 3. FTIR spectra of PVA/GA

PVA/IGA/MWCNT (red) films

(black) and

indicated by the flat-like surface of composite film where
the entangle bundle structure of MWCNT cannot be
observed even though in the cross-section view.

This may lead to the percolation threshold of
MWCNT filled polymer composite to induce insulator-
conductor transition [15]. Additionally, the film thickness
of polymer composites ranged from 60 to 70 uym as
indicated by the cross-sectional SEM images. The thin
films should consisted of several layers. The insertion of
MWCNT into PVA/GA slightly increases the film
thickness, verifying the effective distribution of MWCNT
filed polymer matrix due to its nanoscale [14]. The
interaction of MWCNT and polymer matrix can be
occurred through either van der Waals forces (physical
interaction) or hydrogen bonding (chemical interaction).

FTIR spectra of composite films

A FTIR spectroscopy was used to identify the
compound and to investigate the interactions in the
polymer matrices. The FTIR spectra of PVA/GA and
PVA/GA/IMWCNT are shown in Fig. 3. The peak
centered at 3416 cm™ assigned to the stretching
vibration of hydroxyl groups (O-H) of pure PVA [25,27]
was shifted to 3327 cm™, which indicates the specific
interaction in the polymer systems. In addition to this, the
C-H stretching of CH2 which showed absorption at 2918
cm™ in pure PVA [25-29] was shifted to 2924 cm. In
particular the peak at 2900 cm-! indicates the C-H (sp?)
stretching mode of aldehyde with the shoulder peak of
alkyl chain, confirming the formation of acetal bridges
due to interaction of PVA with GA crosslinker. The peak
at 1655 and 1639 cm™ was shifted to 1652 cm that
correspond to C=0 stretching of PVA. The vibration of
CH: group was found at 1333 cm™ corresponding to C—
H wagging in pure PVA and it was shifted to lower
wavenumbers. The C-C stretching vibration of PVA
appearing at 1285 and 1222 cm. The C-O stretching
occurred at 1080 cm™ in PVA and it was shifted to 1088

Intensity (a.u.)

1 |
10 20 30 40 50 G0
20 (deg)

Fig 4. The X-ray diffraction patterns of PVA/GA (black)
and PVA/GA/MWCNT (red) composite films

and 1070 cm1.The vibration peak appearing at around
887 cm* assigned to C-H rocking mode of PVA [27,29].
Hence, the insertion of MWCNT remarkably shifts the
peak positions of wavenumber and increases % peak
transmittance of PVA/GA composites. These suggest
the significant interaction between composite and
MWCNT. The results clearly showed that the
interaction between MWCNT and PVA in the polymer
composites does not only arise from O-H group but
also from C-O and C=0O groups, that predominantly
occurred through intermolecular hydrogen bonding.

X-ray diffraction patterns of composite films

X-ray diffraction patterns are useful to determine
structural and morphological transformation as well as
crystallinity of composites films of PVA/GA with the
MWCNT filler. Fig. 4 shows the XRD patterns (u =
0.154056 nm) of PVA/GA and PVA/GA/IMWCNT
composites films. The sharp crystalline reflections, with
a strong maximum at (20) 19.5° and a shoulder at (26)
19.9°, typical of the atactic crystallinity of PVA, are
present [30]. The diffraction profile indicates that the
sample is crystalized in the PVA structure
characterized by chains in a trans-planar conformation,
packed in a monoclinic unit cell with a) 7.81 A, b) 2.52
A (chain axis), and c) 5.51 A. The other peaks position
located at 22.26, 29.46, 37.92, and 40.94° correspond
to [200], [201], [110], and [211] lattices direction,
respectively, that are characteristic for PVA [31]. The
insertion of MWCNT into PVA/GA matrix induced the
new peak and notably shifts and reduces the peak
position and intensities confirming an effective insertion
of MWCNT filler into composite polymer matrices. In
particular the new peak at 12.32° derived from small
angle scattering interlayer bundle structure of MWCNT.
The main peak shifted to 20.34° and sharpen indicating
the influence of lattice structure of 002 of MWCNT and
a notable increase of crystallite degree of PVA due to
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MWCNT insertion, respectively. The other peak shifts
were observed from 29.46 to 29.84° indicating the
modification of lattice direction of PVA [201] with
MWCNT filler, meanwhile the reduction of peak intensity
of [211] lattice direction was found due to MWCNT.
Hence, this results evidence the transformation of
morphological structure of PVA/GA composite film due
to the interaction with MWCNT.

Atomic force microscopy images of composite films

Moreover, atomic force microscopy (AFM) images
provide further information of morphological change of
composite films through 3D profile of film surface in
nanoscale (Fig. 5). In this case, the probe power (< 10
nm) and tip distance (0.2-10 nm) were selected as
measurement condition of AFM. Fig. 5 shows the AFM
images of PVA/IGA and PVA/GA/MWCNT composite
films, where the film surfaces, in general, are not
completely flat but waving at several parts. Interestingly,
the insertion of MWCNT into biopolymer matrix, the
surface topography of film becomes more uneven due to
MWCNT trapped inside the matrix. This results obviously
in good agreement with other results explained above.

Tensile strength of composite films

Moreover, the insertion of MWCNT into composite
matrix remarkably improves mechanical properties
(tensile strength) of polymer composite film of PVA/GA.
The effect of MWCNT addition into PVA/GA at different
composition is summarized in Table 2. The
measurement condition are as follow (sample dimension
(2 mm x 30 mm), staple distance (5 mm), and staple
velocity (5 mm/min). It can be inferred that the largest
tensile strength parameter was obtained at MWCNT
composition of 3 mL of total composites volume. Since
MWCNT is already in nanoscale with high aspect ratio, it
can facilitates the strengthened mechanical properties of

387

PVA/GA matrix as indicated by the increase both of
maximum forces and elongation values. However, the
larger amount of MWCNT composition in the film lead
to the lowering tensile strength of PVA/GA due to
possibility of the aggregation of MWCNT bundles.

Electrical Conductivity of Composite Films

The electrical conductivity of polymer composite
films was measured by means of four probes method.
The average value of electrical conductivity of PVA/GA
films is about 10® S/cm means this polymer film
originally behaves insulator. The insertion of MWCNT
significantly enhances the electrical conductivity of
PVA/GA (Table 3) since MWCNT intrinsically has high
electrical conductivity. The homogeneous dispersion of

"r..

Fig 5. The AFM images of (a, ¢) PVA/GA and (b, d)
PVA/IGA/IMWCNT composite films in 3D and 2D,
respectively

Table 2. Tensile strength parameter of composite films at various MWCNT compositions

Samples Maximum Maximum Tensile strength
forces (g) elongation (%) (g.cm?)
PVA/GA 318.3 339.9 300.2
PVA/GA/MWCNT (2) 455.5 418.4 569.5
PVA/GA/MWCNT (3) 555.3 494.6 797.2
PVA/IGA/IMWCNT (5) 354.9 391.7 372.3

Table 3. Electrical conductivity values of composite films at various MWCNT compositions

Samples Electrical conductivity (S/sq) / x10-?
Surfactant  Surfactant  Surfactant Surfactant

(0.1 %) (0.2%) (0.5%) (1 %)

PVA/GA 106

PVA/GA/ MWCNT(2) 0.86 2.25 2.17 0.42

PVA/GA/MWCNT (3) 2.75 8.28 6.38 1.59

PVA/GA/MWCNT (5) 1.43 4.04 4.42 0.87

PVA/GA/MWCNT (8) 1.14 2.30 2.54 0.37
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MWCNT into polymer matrix plays important role on
controlling electrical conductivity of filler whereas
MWCNT can effectively facilitate electron transport
(tunneling) on polymer matrix even though at small
composition ratio [32-33]. On the other hand, the well
dispersed MWCNT can be kept by addition of surfactant.
The larger amount of surfactant, however, decreases
electrical conductivity of composite films because
surfactant has insulator properties that can altered the
contact between MWCNT/PVA/GA and electrical
charges hence leads to discontinue of electrical
conduction behavior [34]. Thus, the optimum amount of
surfactant (PVA/GA/MWCNT) gives the highest electrical
conductivity. The presence of impurities of MWCNT
(amorphous carbon) as well as dispersant agent
(surfactant) should take into account in the future study
on preparation of conductive polymer films.

CONCLUSION

The conductive thin film based on composite of
PVA/IGA/IMWCNT filler was successfully synthesized.
The composite film thickness ranged from 60 to 70 ym
as indicated by the cross-sectional SEM images. The
interaction between MWCNT and PVA in the composite
polymer was not only arose from O-H group but also
from C-O and C=0 groups, that predominantly occurred
through intermolecular hydrogen bonding, as confirmed
by FTIR spectra. The X-ray diffraction patterns indicated
that the insertion of MWCNT into PVA/GA matrix
induced the new peak and notably shifted and reduced
the peak position and intensities, confirming the effective
insertion of MWCNT filler into composite polymer. The
insertion of MWCNT into composite matrix remarkably
improved mechanical properties (tensile strength) and
enhanced electrical conductivity (from 108 to 102 S/sq)
of polymer composite film of PVA/GA. Further studies in
term of temperature and thickness dependence on
electrical conduction behavior of composite films are
crucial to be intensively investigated.
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