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ABSTRACT: In the sitting study, Partially- reduced graphene oxide
P(GO) was prepared from the graphite powder according to the
modified Hummers d PVA / a-Al203/ P(GO) were prepared by
casting method with compositions (w/w between P(GO) and
PVAa-Al203/: 0%, 0.3%, 0.9% and 1.5%). The samples were
recognized by X-ray diffraction (XRD), FTIR analysis and the
electric properties were studied. The XRD pattern and FTIR
analysis showed that the as prepared P(GO)is in pure single phase.
The XRD patterns and FTIR analysis of P(GO)/ PVA/
Al203composites confirmed the formation of P(GO)/ PVA\a-Al203
composite films without any impurities. FTIR analysis of P(GO)/
PVA composites confirmed the presence of the two phases without
any other phase. The temperature dependence of dielectric
constant (¢) as a function of frequencies for P(GO)/ PVA/a-Al203
composites was measured and indicated that the dielectric
constant decrease with increasing frequency and increase
gradually with increasing temperature. The temperature
dependence of ac. electrical conductivity as a function of
frequencies for P(GO)/ PVA/a-Al203 composites was determined.
The results showed that presence of two different conduction
mechanisms.
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1. INTRODUCTION

Nanoparticles research is presently an
objective domain of scientific weal due to its
potential applications in several fields from
optical, electrical to biological. Metal oxide
nanoparticles have been exceedingly improved

in the past decennium. They have been vastly
utilized in numerous applications such as
catalysts, sensors, semiconductors, medical
science, capacitors, and batteries (Ueda et
al,2008,Gessner et al, 2000, Kim et al,2005, Pria,
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2007, Farsi and Gobal,2007,Dillon et al,2008).
Amid them, aluminum oxide, Al20s, is
transpiring. Alumina has sundry phases such as
gamma, delta, theta, and alpha, the far the st
thermodynamically stable form is a-Al2O3
(Mallakpourl,2 and Dinari,2013). Al203 has
become more prevalent for their high dielectric
strength, a wide optical band gap, exceptional
stability, and durability against hostile
environments and high transparency down to
250 nm. Also, a-Al20shas been excessively
utilized for their practical applications, such as
refractory coatings, antireflection coatings,
anticorrosive coatings (Dillon et al,2008),
microelectronic devices (Chang et al,1989),
capacitance humidity sensors (Nahar,1982), and
silicon solar cells (Werner et al,2012), and as
insulating material, in the form of thin films, in
semiconductor devices (Boratto et al,2014).
Polymer nanocomposites have been elaborated
for their marvelous properties such as light
weight, high flexibility, and ability to be feigned
at low temperature and low cost, and application
in various fields such as radiation detection,

coating, paints, sensors, LEDs, display,
optoelectronics  devices and  biological
application (Thomas,2010,Mai et

al,2006,Sahi,2016,Tantis and Psarras,2012).
Graphene is a two-dimensional (2D) material
that has attracted significant interest in the
scientific community due to its interesting
electronic, optical, and thermal properties. The
high carrier mobility of graphene and large
maximum current density make it a promising
candidate for post silicon electronics (Morozov
et al,2008) Water soluble graphene oxide (GO)
can be used as the additives of other materials to
change their structure or properties (Ghosh et
al,2016,Liu et al,2017,Xiang et
al,2018,Dervin,2017,Ren,2018). The main goal
of this work is to investigate the polymer
nanocomposites, PVA/a-Al20s and PVA /
aAl203/P(GO) and then compare between the
optical properties of them.

2. EXPERIMENTAL

Partially- reduced graphene oxide P(GO)

was prepared from the graphite powder
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according to the modified Hummers and
Offman method (Hummers and Offeman,1958).
Extra pure graphite powder (2.0 g, 12.0 g/ mole,
99.5%) was pre-oxidized by slowly adding it to
a solution of concentrated sulfuric acid (H2S04,
50 ml, Dongwoo fin chem, 95- 97%) and
concentrated nitric acid (HNO3, 50 ml,
Dongwoo fin chem, 68- 70%) followed by
stirring at 800C for 4 hours. The mixture was
cooled down to room temperature and then
washed by de-ionized water until the PH value
was neutral (equal to 7.0), followed by drying at
40 °C overnight. The resultant pre-oxidized
graphite was dispersed into concentrated H2SO4
in a cold reaction vessel, which was kept in an
ice bath and stirred, followed by slow addition
of potassium permanganate (KMnQOs, 10 g,
Sigma Aldrich, 97%). The temperature was held
below 10°C during the addition. The mixture
was stirred at 35°C for 2 hours, during which
time the solution thickened and turned into a
brownish gray in color. Then 250 ml of de-
ionized water was added and the temperature
was raised to 100°C for 15 minute. Then 700 ml
of de-ionized water and 30 ml hydrogen
peroxide (H202, Dongwoo fin chem, 30%) were
added and followed by stirring for 1 hour. The
solid products collected from the solution after
12 hours, then washed with 5% hydrochloride
(HCI) until sulphate ions were no longer
detectable with barium chloride (BaCl2). Then
the solid products were re-dispersed in de-
ionized water for 5 times to remove any
impurities. Finally the resultant sediment was
dried at 60°C for 4 hours in an oven to yield the
partially reduced graphene oxide P(GO.By
chosen the nanocomposite with 5% from oa-
Al;0s/ PVA the composite films of PVA/
aAl203/P(GO) were prepared by casting method
with composition 0.0015, 0.0045,and 0.0075,
gm of PGO. The mixture is put in a petri dish
and leave to dry. The X-ray diffraction (XRD)
patterns were recorded at room temperature
using an X-ray powder diffractometer
(Shimadzu XRD 6000) equipped with CuK, as
radiation source (AL = 1.54A.) in the 20 (Bragg
angles) range (10° < 20 < 80°) toreport the
information about their structure.

3. RESULTS AND DISCUSSION



3.1. Structural properties

The X-ray diffraction (XRD) is the most
common analysis technigue used to identify the
crystalline phase present and crystal particle
sizes.

The X-ray diffraction pattern for
partially- reduced graphene oxide P(GO)
sample is shown in Fig.(1). The XRD pattern
showed a sharp diffraction peak located at 20 =
10.53° and a small peak located at 26= 42.39°
which corresponding to (001) and (100)
reflection plane of GO (Huanget al,2012,Balasu
et al ,2013,Shahriary and Anjali,2014).
Furthermore, a broad peak located around 26 =
32° (inset curve) is attributed to reduced
graphene oxide R(GO) obtained by Wu et al.(
Wu et al,2012)and Zhang et al.( Zhang et
al,2013). Finally, we conclude that, our
prepared sample is partially-reduced graphene
oxide P(GO).

The X-ray diffraction patterns for P(GO)/
PVA/o- Al;O3 composite films are shown in
Fig. (2). XRD patterns of all P(GO)/ PVA/a-
Al;O3 films showed a broad peak at 20 =
19.74°, which is attributed to the polyvinyl
alcohol (PVA). The diffraction peak which is
attributed to P(GO) not observed, because the
concentration of P(GO) is very low compared
with that of PVA. Also the observed peaks at
20= 35.11°,43.33°, 52.51°, 57.45°66.53° and
68.23° which is attributed to the alumina (o-
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Al>Oz). These diffraction peaks confirmed the
formation of P(GO)/ PVA\a-AlO3 composite
films without any impurities. XRD patterns of
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Fig. 1: XRD pattern of P(GO).
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pure PVA, pure P(GO) and its composites
indicating that there is no interaction between
polyvinyl alcohol and the partially- reduced
graphene oxide in forming composites.
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Fig. 2: XRD pattern of: pure PVA and P(GO)/ PVA/a-AL203 composite films.

3.2. FTIR analysis:

The FTIR spectra for pure P(GO)
is shown in Fig. 3.The broad band
centered at 3440 cm is attributed to the
stretching vibration of hydroxyl group
(OH). The band observed at 1625 cm-1
is attributed to the non-oxidized graphite
(Si and Samulski,2008). The band
observed at 1380 cm—1 is assigned to
the symmetric stretching vibrational
band of C=0 (JothiRamalingam et al
,2014). Furthermore, the band observed
at 1050 cm—1 is attributed to the
stretching vibrational band of C-O (Xu
et al,2008). Finally, the two bands
observed at 2920 and 2855 cm™ are
assigned to stretching vibrational band
of C-H, which is characterized the FTIR
spectrum of reduced graphene oxide

obtained by Chen et al. (Chenet al,2012)and
Zhang et al. (Zhang et al,2014). Thus, we
conclude that, our sample is partially-reduced
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Fig. 3: FTIR spectrum of P(GO).
graphene oxide.
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In the spectra of P(GO)/ PVA\u-Al;O3
composites, see Fig. 4, the broad and strong
band centered at 3340 cm™ is assigned to the
stretching vibration of hydroxyl group (OH)
(Yuan,2011). The strong band at 2940 cm™ is
assigned to the band of asymmetric CH2
stretching (Roy et al, 2013). The two bands
observed at 1712 and 1658 cm™* are assigned to
the stretching vibrational band of C=0
(Gunassekaran et al, 2009). The two bands
observed at 1427 and 1330 cm™ are assigned as
CHsz bending vibration and CH stretching
respectively (Keskin et al, 2011). The band at
1090 cm? arises from the C-O stretching
vibration while the band at 920 cm™ results
from CH2 rocking vibration (Ali and Youssef,
2007). Also, the band at 850 cm™ results from

C—C stretching vibration and that at 660 cm™
arises from out of plane OH bending
(Hemalatha et al,2014). The absorption bands in
the range of 600400 cm™are attributed to the
Al-O stretching FTIR spectra of PVA, P(GO)
and its composites indicating that there are no
interactions between polyvinyl alcohol and
partially- reduced graphene oxide in forming
composites.
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Fig. 4: FTIR spectra ofP(GO)/ PVA/a-AL,Oscomposite films, and pure a-AL.O3

3.3. Electrical properties

Fig. 5 correlates the variation of the
dielectric constant &' with the absolute
temperature in the frequency range 10 kHz -5
MHz  for 5%a-Al20s/ PVA and PVA/o-
Al>;03/P(GO)composite  films. At initial
temperature (30°C) these plots do not show any
change in €' value which shows that there is no
accumulation of interfacial charge within the
composites. As the temperature gradually
increased, it was observed that dielectric
constant also increased and at 150°C, €' value
for the sample having higher percent of nano
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alumina was maximum. The increase in
dielectric constant can be attributed to the fact
that near the glass transition temperature,
segmental mobility of the polymer chains gave
high rise in dielectric constant for all the
samples. Thus dielectric property provided
valuable information such as characteristic of
the ionic/molecular interaction of the polymer
and the understanding of ion transport behavior
as well. Furthermore, the increase in dielectric
constant is indicates the increase of the number
of ions and €' (Ng et al,2011). Also, the decrease
in &' with increasing frequency is due to the fast
alternation of the electric field accompanied
with the applied frequency, where the
alternation of the ions increases as well as the



friction between them, generating a quantity of
heat which increases the randomness of the
ions. In other words at low frequency the mobile
ions accumulate at the electrode/ composite
interface (space-charge polarization). This gives
a high value of dielectric constant. On the other

surface electric charges and the concentration
0.3% wt has the highest one. Fig. (6)show the
relation between Lnoac (oac IS the alternating
current conductivity) and the reciprocal of
absolute temperature for P(GO)/ PVA\a-Al,03
composites in the frequency range 10 kHz- 5
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Fig. 5: Dependence of dielectric constant ¢,on absolute temperature for of o-
AL>Os/ PVA/ P(GO)composites in the freauency ranae 10 kHz- 5 MHz.

hand, at high frequencies, periodic reversal of
the electric field occurs so fast that there is no
excess ion diffusion in the direction of the field.
Polarization due to charge accumulation
decreases, leading to the observed decrease in
dielectric constant (Reddy et al, 2006).

The obtained values of dielectric constant €', of
P(GO)/ PVA\u-Al>03 composites at 10 kHz and
room temperature shows that, the dielectric
constant of the a-Al,Oz / PVA matrix is
enhanced by the adding P(GO)sheetsby its the
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MHz. The data at each separate frequency obeys
the well known Arrhenius equation:

Cac = Co€XP (-E/kT)

where E is the activation energy, k is the
Boltzmann’s constant and T is the absolute
temperature. The data showed that, the ac
conductivity (oac) increases with increasing
frequency; which acts as a pumping force,
pushing the charge carriers between the
different  conduction  states. Also, the
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conductivity  increases  with increasing
temperature with changing the slope at a certain

P(GO). A series of P(GO)/PVA/ a-Al203 hybrid
films was prepared by the casting method.XRD,

temperature which is general trend of FTIR,. The properties of virgin PVA is modified
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Fig. 6: Dependence of ac conductivity onthe reciprocal of the absolute temperature for a-AL20s/

PVA/ P(GO)composites in the frequency range 10 kHz- 5 MHz.

semiconductor like behavior. The activation
energies values show that all the samples have
two regions with changing slope at different
temperatures, i.e., the conduction mechanism
changes from one region to another region
(Ahmed et al,2013).

4. Conclusion
GO nanoparticles were successfully prepared

using Hummers and Offman method. XRD
spectrum shows that the prepared sample is

and improved by doping with GO NPs and
P(GO) sheets, making it a promising material
for different applications.
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