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Abstract

Currently, conducting polymers such as Polypyrrole (PPy), have been extensively interested due to their
interesting features of conductivity, low-cost fabrication, and stability under ambient conditions and at high
temperature. Herein, polypyrrole was polymerized on the surface of cellulose fibers (CFs) by using a sequence of
fiber impregnation in FeCls solutions and re-dispersion in a pyrrole solution via in situ chemical polymerization
of monomer-pyrrole. The structure, morphology, and thermal properties were investigated. The results revealed
the uniformly of PPy on the surface of CFs. Moreover, conductivity of 184x10* S-cm™ was obtained from a
composites sheet of CFs:PPy with the PPy of 0.20 ml. Also, the decreasing of dielectric and impedance in CFs:PPy
composites sheet can be observed as the increasing of CFs:PPy ratio. Chemical polymerization has been very
successful in the production of composite materials of conductivity polymers with CFs.
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1. Introduction

Typically, the electronic devices were made of
silicon, conductive glass or hard plastic, which is an
importance part for high performance device, but
such materials still have limitations in terms of
brittleness, cost of materials and complex
production processes. Moreover, some plastic,
especially micro-plastic, is not environmental-
friendly. Consequently, non-reused materials can
lead to an environmental problem. To overcome
this issue, bio-based materials have been developed
under the concept of “green” and sustainable
development, which can naturally decompose and
pollution reduction. Therefore, the renewable
natural materials are the important topic in the 21st

century(Mohanty, Misra, & Drzal, 2002).
The

materials which has similar properties such as
electrical, thermal, flexibility and mechanical

development of alternative bio-based

properties, is crucial Nowadays, the cellulose has
been widely studied and developed due to its
renewability, availability, non-toxicity, low-cost,
biodegradability, thermal and chemical stability
(Wang, Lu, & Zhang, 2016). One of the interesting

developments of cellulose is conductive paper,
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which is very important for electronic device
application TFT, OLED, organic
photovoltaic device, stored battery, and sensor (Fu

such as

et al, 2016; Ummartyotin & Manuspiya, 2015a,
2015b). Recently,

successfully fabricated with a sheet resistance of 25
kQ (Zhong et al., 2013).

To develop the conductive paper, conductive
polymers are interesting material due to its unique
properties that allow it to be used in a variety of
electrical

the conductive paper was

application. chemical

polymerization has

Typically,
been successful in the
production of composite materials of conductive
polymers with the matrix. Recently, the conductive
nanocrystal  cellulose:polypyrrole ~ composite
hydrogel were in situ synthesized. By doping with
sodium p-toluenesulfonate (TsONa), the hydrogel

showed a high electrical conductivity of 8.8x103
Siem (Li, Zhang, & Xiao, 2018). Moreover, the
effect of polypyrrole and ionic liquid (IL)
nanocoatings on the electrical properties of
cellulose film has investigated. The

conductivity of such nanocomposite film was

been

12x10* and 4.3x10° S/cm on the surface and along
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the thickness direction, respectively (Mahadeva &
Kim, 2011). Combination of bio-based materials
such as cellulose with conductive polymer has been
extensively developed as a multi-function electronic
device (Du, Zhang, Liu, & Deng, 2017). Recently,
many researchers have extensively attended to
develop such composite material. The organic or
inorganic composite materials were a material that
can be obtained from the combination of various
materials to get new properties . To prepare the
conductive composites of bacterial cellulose (BC)
and polypyrrole, Muller and co-worker prepared
through in situ oxidative chemical polymerization
of pyrrole by using FeCl; as oxidant agent Miiller,
Rambo, Recouvreux, Porto, & Barra, 2011). Makara
and co-worker prepared nanopapers from cellulose
nanofibers (CNF) and polypyrrole with high
mechanical performance and with the electrical
conductivity of 52x10? Sim (Lay, Méndez,
Delgado-Aguilar, Bun, & Vilaseca, 2016). Pyrrole
and cellulose are therefore an interesting material
that shows the connection between cellulose fibers
and conductive polymers. There were flexibility and
capacitance properties that make it more useful in
using technology.

In this work, the cellulose fiber obtained from the
remaining pulp is mixed with polypyrrole (PPy) via
in situ polymerization using ferric chloride as
oxidant agent. An amount of PPy is varied, then the
morphology, mechanical, and electrical properties
are investigated.

2. Materials and Method
2.1. Materials

A wastepaper pulp was provided from SCG
packaging public company limited, Thailand, and
was stored in a desiccator in order to prevent the
moisture adsorbent Pyrrole was supplied by Sigma

Aldrich and used as received for the chemical
synthesis of polypyrrole. The rest of materials, FeCls

and HCI, were also supplied by Sigma Aldrich and
used without further purification.

2.2 Method

e Cellulose suspension
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The piece of paper pulp with an area of ca. 10x10
cm?, was ripped to be a thin sheet. Then the pulp was
mixed with deionized water DI of 500 ml for
overnight under magnetic stirrer . The obtained
suspension was concentrated and subsequently
washed with distilled water by repeated centrifuged
cycles at 500 rpm. As a result, suspension of
cellulose fiber (CFs) was obtained and stored at 4 °C
prior to use.

e Preparation of Cellulose fiber (CFs) and
CFs:PPy paper

CFs suspension of 45 ml (0.4 g dry weight) was
dispersed in 30 ml of HCl and stirred by for
5 minutes. After that, the CFs suspension was
filtered for 24 hr through a paper filter with 0.1 ym
pore size and washed subsequently with DI water.

The wet sheet was then dried between two
membranes under an applied pressure of 0.141 psi.

For the preparation of CFs:PPy paper, the
various volume of pyrrole solution (0.05, 0.10, 0.15,

0.20 ml)was dissolved in 30 ml of 0.5M HCI and,

then, mixed with the CFs dispersion and stirred for
5 minutes. A defiant amount of FeCl; was dissolved
in 30 ml aqueous of 0.5M HCl solution and added to

the CFs:pyrrole dispersion to initiate oxidative
polymerization . The oxidant (FeCls) to pyrrole was

fixed at 6 %w/w ratio. The final mixture was stirred

at room temperature for 30 minutes. At the end, the
mixture was filtered using paper filter and washed
subsequently 30 ml of 0.5M HCI and DI water to

remove any small gas bubbles and to allow a better
organization of CFs:PPy structures without
undesired side effects, such as crystal structure
damage (Ali et al,, 2014).
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2.3. Characterizations

e Fourier Transform Infrared Spectroscopy
(FTIR)

FTIR absorption spectra (PerkinElmer, spectrum
100) of cellulose and CFs:PPy composites were
recorded in the range of 4000 cm! to 650 cm™! using
Attenuated Reflection Infrared Spectroscopy (ATR)
mode  (Pleumphon,

Thiangtham,  Pechyen,

Manuspiya, & Ummartyotin, 2017).

¢ X-Ray Diffractometer (XRD)

X-ray diffraction patterns of CFs, CFs:PPy
composites were carried out by X-Ray
Diffractometer (Bruker, D8 ADVANCE) using Co
radiation at 40 kV voltage . The XRD patterns were

recorded in a diffraction angle (20) range from 5° to
50° (EINahrawy, Haroun, Hamadneh, & Al-Dujaili,

2017).

e Thermogravimetric Analysis (TGA)
The TGA characteristics of the CFs:PPy
composite were investigated by TGA MET -TLER

TOLEDO, TGA/DSC3+1600 ). Each sample was

heated at a heating rate of 10 °C/min under nitrogen
atmosphere from room temperature to 700 °C
(Pleumphon et al., 2017).
e Field Emission Scanning Electron
Microscope (FE-SEM)

The morphological properties of the CFs and
CFs:PPy composite were analyzed using FE-SEM
(Hitachi, S-4800) at an acceleration voltage of 5 kV.
The fiber diameter was measured and counted at
1000x magnification. Prior to the investigation, the
samples were stored in desiccators to reduced
humidity .Each sample was placed on carbon tape
and sputtered with gold particles before being
analyzed (Pleumphon et al., 2017)

e Mechanical properties

The sample was cuter into the rectangle shape
with the width of 20 mm and length of 30 mm. The
thickness of sample was ca. 0.07 - 0.09 mm. The
testingspeed was 5 mm/min. The tensile tests were
conducted using as Instron Universal material
testing machine (Instron 55R4502, S/NH 3342)
equipped with a 100 N load cell (Pleumphon et al.,

2017.
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¢ Conductivity

The conductivity properties of CFs:PPy
substrate was characterized by Four Point Probe
System (Jandel RM3000) using the cylindrical
four-point probe head (Du et al.,, 2017).

o Dielectric and Impedance
Impedance measured using an
impedance probe (1260 Impedance Gain-Phaze
Analyzer 12600012 _Gmacd/CB Solartron) at
room temperature and at various frequencies
ranging from 10 Hz to 10 MHz (Jandel Engineering

Limited) (EINahrawy et al, 2017; Raghunathan,
Narayanan, Poulose, & Joseph, 2017)

were

3. Results and discussion
3.1. FTIR analysis

The FTIR spectra of CFs and CFs:PPy
composites are shown in Figure 1. The spectrum of

the prepared CFs show the peaks at 3335.69 cm’!

which is the characteristic for stretching vibration of
the hydroxyl group (O-H group) in polysaccharides
(Rosa et al, 2010). The peak located at 1633 cm’!

correspond to stretching vibrations of C-C bonds
(Poletto, & Zattera, 2011). The

absorption bands at 1377.85, 125026, 1161.10,
105243, and 897.03 cm' belong to stretching and
bending vibrations of -CH,, -CH, -OH and C-O
bonds in cellulose, respectively (Fackler et al,, 2011;
Xu, Yu, Tesso, Dowell, & Wang, 2013). From FTIR

spectra of CFs:PPy composites at different PPy
concentration, it was observed that the peak
3277 cm! was shifted from 3335.69 cm’, this may

be due to chemical bonding between N-H in the

Pistor, Zeni,

polypyrrole ring and the -OH of cellulose (Miiller et
al, 2011). The fundamental vibrations of pyrrole ring
observed at 1541.08 cm™ and 1458 cm’!, which can

be assigned to the C=C and C-C ring stretching
modes, respectively (Chougule et al,, 2012; Hansora,

& Mishra, 2015). The peak around

1046 cm' can be assigned to N-H in-plane
deformation (Ho, Jun, & Kim, 2013), while the peak

at 781 cm'! is due to C-N out-of-plane deformation in

Shimpi,

PPy (Chougule et al, 2012).The absorption peak at
about 1125-1159 cm! and 883.68 cm! may be relate
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to linkage between polypyrrole and cellulose chain
in 1161.10 cm™ and 867.03 cm’".
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Figure 1. FTIR spectra of CFs and CFs:PPy

composites.
3.2.Crystallography structures

The crystallography structures of CFs and
CFs:PPy composites were characterized using XRD
measurements as shown in Figure 2 The Xray

pattern clearly exhibits the broaden peaks at 26 of
16° and 22° for both CFs and CFs:PPy composite.

The clearly peaks can be assigned to the crystalline
structure of cellulose (Ford, Mendon, Thames, &

Rawlins, 2010). Also, the broaden characteristic of

various CFs:PPy composites were exhibited in the
region of 15°-25° which is the amorphous phase of

polypyrrole (Luo et al., 2010).

CFs:PPy005

CFs:PPy0.10

Intensity (a.u.)

CFa:PPy0.15

CFa:PPyv0.20

10 20 30 40 50
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Figure 2. XRD patterns of CFs and CFs:PPy

composites.

Vol07, No.1 DOL 10.14456/ssstj.2020.4

25

3.3. Thermogravimetric analysis

The degradation temperatures of CFs and
CFs:PPy papers were studied by thermogravimetric
analysis as shown in Figure 3. CFs and CFs:PPy
showed main weight loss in three stages. For CFs, it

demonstrates that the thermal stability of the
prepared CFs in much higher than that of composites
in the temperature lower than 250 °C. As composite

is hygroscopic, nearly 8% weight loss is occurred at
100 °C. The second stage of weight loss started at 250
°C and continued up to 500 °C with rapidly 80% of
weight loss. The last stages of temperature at
> 500 °C almost 100% of weight loss can be observed
for all conditions. For CFs:PPy composites, the first

stage range between room temperature and 250 °C
showed about a 13% of weight loss. The second stage

of weight loss started at 250 °C and continued up to
500 °C during which there was nearly an 80% of

gradually weight loss. The last states of temperature
up to 500 °C during which there was a 100% of
weight loss. From the above analysis, it clearly

shows that the thermal stability of CFs was greatly
affected by incorporating PPy. The incorporated PPy

lowered the starting thermal degradation of CFs.

100

830 4

60 4

404

% Weight loss

T T T T T T T
100 200 300 400 500 GO0 700
Temperature

Figure 3. TGA of CFs and CFs:PPy composites.
34 FE-SEM analysis

The morphology of CFs, CFs:PPy composites
was studied using Field Emission Scanning Electron
Microscope as shown in Figure 4. The Figure 4 (a)
shown that the CFs surface is rather straight and
smooth without the formation of cross-link between

fiber. It is important to note that CFs appears to be a
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uniform fibrous network. For CFs:PPy composites
as shown in Figure 4 (b-e), the formation of PPy on
the CFs in the form of clusters and cross-link
between fiber network can be observed (EINahrawy
et al, 2017), which involving the formation of H-

bonds between the cellulose and the polypyrrole
chain. These interactions were a result of both
intermolecular and intramolecular forces, causing
the composites sheet to be less cellulose fiber
density.

Figure 4 FE-SEM of composite materials with

different pyrrole preparation condition (a) CFs (b)
CFs:PPy0.05 (c) CFs:PPy0.10 (d) CFs:PPy0.15 (¢)
CFs:PPy0.20.

3.5.Mechanical properties

The tensile strength, Young's modulus, and

elongation at break of neat CFs and CFs:PPy
composite were presented in Table 1. Not

surprisingly, tensile strength and young's modulus
were decreased as the increasing of PPy additive.

This effect may be caused by the inter-percolation of
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PPy between CFs network. However, the elongation

at break of composite is not dramatically reduced,
when increasing the amount of additive. After the

polymerization process of pyrrole, PPy network may
be grouped to be clusters which can be observed
from the SEM image. Therefore, PPy network was

poorly dispersed into cellulose fibers matrix by
present preparation.

Table 1. Mechanical properties of CFs and CFs:PPy

composites.

Sample Tensile Young's Elongation
strength modulus at break
(MPa) (MPa) %)
CFs 2038+0.761 248940185926 14044 0440
CFs:PPy0.05  0.798%£0.520  109.652+871.73  1.1804+0.234
CFsPPy0.10  0.554+0341 109.858+68977  0.69840.119
CFsPPy0.15  0213+0285  39.715+53.154 0.868+0.331
CF:PPy0.20 0.026+0.020  2.96243.546 1.52440.389
3.6. Conductivity properties

The electrical conductivities of CFs:PPy

composites with different amount of PPy were
measured using a four-point probe technique. Table
2 shows the sheet resistance, resistivity, and
electrical conductivities of CFs:PPy composites. The
experimental setup and parameters calculation are
described in literature (J. Li, Wang, & Ba, 2012). The
CFs has basically no conductivity, while the
resistance and resistivity of CFs:PPy composites
decrease as the increasing of PPy additive.
Consequently, the electrical conductivities of
CFs:PPy composites are increased up to
1.84x10% Sicm at 020 ml PPy. Compare to the
conductivity of  typically semiconductor
(107-10° S/cm), the conductivity of CFs:PPy is in a
range of promising application of electronic device.
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Table 2. Conductivity of the CFs and CFs:PPy

composites.

Sample Resistance Resistivity Conductivity
@ x10° @m) x10° S-em™hHx104

CFs

CFs:PPy0.05 10.740.742 67.414.66 1.4940.106

CFs:PPy0.10) 1.1940.0944 7.51£0593 133£1.05

CFs:PPy©0.15 0.735+0.0792  4.62+0498 2194244

CFs:PPy©0.20) 0.093840.0241 0.589+0.151 1844589

3.7.Dielectric properties

Figure. 5. Shows dielectric properties of CFs and
CFs:PPy composite materials. Typically, the

dielectric properties of polymer composites can be
affected by the polymer type or dopant type. The

variation of dielectric constant (permittivity, £') and
loss tangent as a function of frequency for the
prepared samples with different composition of PPy
are presented. The dielectric constants were very
high at low frequency and were slightly decreased
when the frequency increased. Note that the
dielectric constant of CFs is more rapidly decreased
when comparing to that of CFs:PPy composites. The
reducing of dielectric constants can be expressed by
the relaxation behavior. With high region of
frequency, the charge has insufficient time of re-
orientation under applied external field and it was
therefore presented as a lower of dielectric
properties. In addition, the loss tangent of CFs and

CFs:PPy composite is not significantly difference.

Loss Tangent

Dielectric Constant

; :
107 10° 10’ 10° 10° 10

Frequency (Hz)
Figure 5. Variation of dielectric constant and loss

tangent of CFs and CFs:PPy composites with
frequency.
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3.8. Impedance properties

Figure. 6. Shows the complex impedance spectra
with the variation of the imaginary part of the
complex impedance (Z") versus its real part (Z').
The frequency range was from 10 Hz to 10 MHz and
the applied AC signal was 0.5 V. The impedance

spectra are characterized as semicircle, which is
most probably result of the facilitated transport of
the doping anions in the bulk of the composites. The

transport of the doping anions can be enhance by
increasing the amount of PPy (Nakata & Kise, 1993;

Porjazoska Kujundjiski, Chamovska, & Grchev,
2014). The best fit of experimental data to model was

obtained using a constant phase element (CPE) rather
than an ideal capacitor. The equivalent circuit model
is shown in Figure 6. The best fit of experimental

data to model was obtained using a constant phase
element (CPE) rather than an ideal capacitor. The

capacitance of 3.168x10"!" F can be obtained from
the composites at 0.20 ml PPy. The equivalent circuit

model is shown in Figure 6.

sard ® CFs
e ® PPy0.05 .
E A PPy0.10 i
= .| v Peyoss
Q© 107 o PPy0.20 m ©
=
v
B - *
S 3x10'4 LB G v
_Ell:- v
= LI & R CPE
= i v
o 210 -, &
]
g e e o
2 ° . o
'% 1x10" 4 s *
L]

&

0! T T T T

0.0 5.0x10 1.ox10" 1.5x10" 2.0x10" 2.5x10"

Impedance Real (Ohms)
Figure 6. Figure 6. Impedance spectra of CFs and
CFs:PPy composites.

4. Conclusions

A cellulose paper was demonstrated with the aid
of in situ synthesized conductive cellulose
(CFs):polypyrrole  (PPy) network. Chemical
polymerization has been very successful in the
production of composite materials of conductivity
polymers with CFs. Increasing polypyrrole content
in the composite affected the features of cellulose.
The morphology of CFs exhibited a very straight and
smooth surface. When PPy was composited with
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CFs, the PPy clusters were formed on the CFs.
Increasing of the PPy amount causes the reduction
of mechanical properties due to interpercolation of
PPy in cellulose. Also, the decreasing of dielectric
and impedance in CFs:PPy composites sheet can be
observed as the increase of CFs:PPy ratio.
Moreover, conductivity of 184x10* S/cm was
obtained from a composites sheet of CFs:PPy (0.20).
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