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Abstract

Recently, graphene was produced from graphite powder using chemical vapour deposition (CVD) or Hummer’s method. Graphene is
widely used in many applications and give a lot of advantages for industry. In this study, graphene oxide was synthesized from waste
carbon tyre using modified Hummer’s method. This green technology turned waste material to wealth. The morphology and structural
properties of the graphene oxide were investigated using Raman spectroscopy, scanning electron microscopy (SEM) and energy disper-
sive X-ray spectroscopy (EDX). Raman analysis was confirmed that graphene oxide was successfully synthesized from waste carbon tyre.
It was confirmed the peaks shows that D band and G band was at 1361 cm™ and 1596 cm™ with the intensity ratio of the D band relative
to the G band (Ip/lg) is 0.88. The formation of few sheets of grapheme oxide that stalked together on the surface of the sample structure,
bumping pieces and coarse surface was confirmed by scanning electron microscopy (SEM). The elemental composition of carbon (C) is
50.90 % and oxygen (O) is 49.10% which showed a good composition for graphene oxide. All the results were confirmed that the
graphene oxide has been synthesized from waste carbon tyre using modified Hummer’s method which next will forms graphene powder

through exfoliation method.
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1. Introduction

Graphene is light and strong material compared to other material
and these unique properties can be used for various applications.
Graphene has been widely known in aerospace industries due to it
opposes properties such as strong, stiff but very light in weight.
The aerospace engineers are composed material by carbon fiber
for the production of aircraft as it is very strong and light weight.
These characteristics can also improve the high strength require-
ment applications such as body protector for military personnel
and vehicles. Graphene nanomaterial is widely used nowadays in
many field of research. Nanomaterials have unique chemical and
physical properties and have made them valuable additions to
many domestic and industrial applications [1].

Graphene is a material that having sp? hybridization carbon atoms
and has fascinated much attention in recent years owing to its
extraordinary properties [2]. Graphene can be extracted from
graphite powder by many types of method and at the same time,
graphene shows good properties such as having high mechanical
strength, light weight, best electrical and thermal conductivity
[3,4,5]. Graphene has been synthesized by both top down and
bottom up approaches [6]. Many researchers have attracted much
on graphene due to its high aspect ratio and desirable mechanical,
thermal and electrical properties [7]. The typical precursor for
synthesis graphene before using natural carbon sources is me-
thane, acetylene or alcohol. This precursor consists toxicity and
expensive. Several attempts have been devoted to synthesis
graphene from carbon sources that non-toxic and non-explosive
compare to chemical. There is some possibility to obtain the

graphene from carbon source without catalyst and chemical treat-
ment.

Environmental issues are becoming increasingly prominent area of
research due to usage of hazardous substances. The challenges
being faced today in commercializing graphene are how to pro-
duce high quality material, on a large scale at low cost and in a
reproducible manner. Furthermore, the technique that currently
used to synthesis graphene is often complex, tedious and release
high level of toxicity. Therefore, there is need to develop graphene
oxide to produce graphene by following environmentally friendly
approaches with low cost of production.

Chemical reduction is one method to obtain great amount of
graphene from graphite oxide. The oxidation of graphite is per-
formed to synthesis graphene oxide and can be done by using few
types of oxidants for instance, concentrated sulphuric acid, potas-
sium permanganate or nitric acid [3]. The major issue with CVD
method is the precursor. The usage of toxic and explosive requires
a growth system to avoid any harmful and be safe. Mechanical
exfoliation is the oddest method to extract monolayer graphene
flakes on substrate and this formation of graphite is done where
there is a stacking of single atomic layers by poor van der Waals
forces and carried out by electric field, ultra-sonication, transfer
printing method and scotch tape [3]. However, graphene synthe-
sized from mechanical exfoliation having poor bonding and big
lattice spacing in vertical direction.

Graphene oxide was firstly synthesized by Brodie method in 1859.
One more methods to produce graphene is from Hummer’s meth-
od. Hummer’s method is cost effective and scalable preparation
[8]. Modified Hummer’s method was used to obtain graphene
oxide-monohydrated manganese phosphate composite [9]. Modi-

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.




International Journal of Engineering & Technology

353

fied Hummer’s method also used to synthesize graphene oxide
which then the obtained graphene oxide will be used as a filler of
polymer graphene nanocomposite [7,10,11]. Modified Hummer’s
method is a versatile method that produce high level of oxidation
without use complicated technique but this method takes longer
time upon completion. Nevertheless, modified Hummer’s method
does not produce toxic as compared with other method such as
Brodie and Staudenmaier method [3].

2. Experimental

2.1. Materials and reagents

Waste carbon tyre was supplied by Polis Di Raja Malaysia
(PDRM) Cheras, Malaysia and was sieved to a particle size 200
pm. The concentration of sulphuric acid (H,SO,) and hydrogen
peroxide (H,0,) is 95-97 % and 30 %. Potassium permanganate
(KMnO4) and sodium nitrate (NaNO3) were slowly added to keep
the temperature under 20 °C.

2.2. Preparation of graphene oxide by modified Hum-
mer’s method

23 ml of sulphuric acid (H,SO,4) was mixed with 1.0 g of sodium
nitrate (NaNos) and stirred for several minutes. 1.0 % by weight of
waste carbon tyre powder was added into the solution under stir-
ring condition. Then the mixture was transferred in the ice bath
and stirred for 2 hours. 3.0 g of potassium permanganate (KMnQ,)
was slowly added into the mixture and stirred for another 1 hour.
The ice bath was removed and the mixture was leaved for 16
hours. The mixture was heated up to 35 °C and stirred for another
1 hour. 46 ml of distilled water was added into the mixture and
stirred another 2 hours while heated up the mixture up to 95 °C.
After 2 hours, the heater was switched off. 10 ml of hydrogen
peroxide (H,O,) was added into the mixture and stirred for 1 hour
to eliminate excess KMnQO, then let it cool to room temperature.
10 ml of hydrochloric acid (HCI) and 30 ml of deionized water
(DIW) was added into the solution and was centrifuged for 10
minutes at 8500 rpm using Biofuge Stratos centrifuge. The super-
natant was decanted away and rewashed again the residuals with
HCI and DIW for three times. The washed GO solution was dried
using oven at 70 °C for 24 hours.

2.3. Preparation of graphene from graphene oxide by
thermal exfoliation method

Graphene synthesized from graphene oxide by thermal exfoliation
method by heat up the dried graphene oxide (GO) rapidly. 2.0 g of
GO was dried and charged into a quartz tube. Then, the graphene
oxide as flushed with nitrogen gas for five minute. Quickly, the
quartz tube was inserted into preheated furnace at 1100 °C and
keep for several minutes to obtain graphene powder [12,13].

2.4. Materials characterization

The morphology of the graphene oxide was analysed using a
scanning electron microscope (SEM). It also used to determine
morphological characterization. This microscopy also has been
used for some observation such as topographical observation (sec-
ondary electron image), compositional observation (backscattered
electron image), elemental composition observation using Energy-
Dispersive X-ray (EDX), and scanning electron microscope (SEM)
analysis. SEM was used to provide morphological and elemental
information with cover of magnification from low to higher mag-
nification. For this sample, graphene oxide does not need any
coatings for sample preparation. The sample was sprinkled on the
carbon tape at the holder. The holder was placed into the SEM.
The magnification of SEM that was used to observe the micro-

graph of graphene oxide is 500x (low magnification) and 1000x
(high magnification).

Raman spectroscopy was used to confirm the presence of gra-
phene or otherwise. Single or few layer graphene will create at the
range of 800 cm™ to 2000 cm™ in Raman shift. G-band and D-
band can be determined, which is the shift in the G-band, indicates
the oxidation of sample. Raman spectra extracted of the sample is
relatively to the graphene oxide [14]. Raman spectroscopy is the
most direct and non-destructive technique to describe the structure
including the defects, the ordered and disordered structures of
carbon material and was be perform to analyse the carbon struc-
ture. From the previous research, Raman spectra of graphene and
graphene oxide presented similar basal structure profiles with
characteristic D band at around 1334cm-* and G band at around
1590cm™. The 2D band in the graphene oxide indicated that all
graphitic layer been oxidized [15]. The sample was placed on the
glass slide and put under the Raman spectroscopy for characteriza-
tion.

3. Results and Discussions

3.1. Scanning Electron Microscopy (SEM)

Scanning Electron Microscopy was provided the morphology and
structural properties of graphene oxide. The electron beam inter-
acts with the sample producing various signals that can be used to
obtain information about surface morphology and composition.
Fig.1 shows the SEM micrograph of graphene oxide that obtained
from waste carbon tyre via Hummer’s method. Based on Fig. 1,
the SEM micrograph of graphene oxide shows the sheet or flakes
structure are stalked together on the surface. It also shows bump-
ing pieces with coarse surface. Flakes provided can be clearly seen
randomly stalked and uniformly.

GO GT0001 NMMD12.3 x1.0k 100 pm
b)

Fig. 1: The SEM micrograph of graphene oxide obtained a) 500x magnifi-
cation b) 1000x magnification
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Energy Dispersive X-Ray Spectroscopy (EDX) was used to meas-
ure the elemental analysis of graphene oxide. The Fig.2 shows the
EDX result of graphene oxide. The oxygen and carbon that con-
tain in graphene oxide is 49.10 % and 50.90 % respectively.

.
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Sample Weight % of C Weight % of O

Graphene oxide 50.90 49.10

Fig. 2: The EDX image and composition table of graphene oxide
3.2. Raman Spectroscopy

Raman spectroscopy is non-destructive technique to characterize
graphite material in particular to determine the defect, ordered,
and disordered structure of graphene. This essentially identical to
the characteristic peak of graphene oxide can be essentially identi-
cal by two peaks around 1500cm™ (D band and G band) [16]. Fig.
3 shows the Raman spectra of graphene oxide obtained.

Based on Fig. 3, the Raman spectra obtained display two peaks
which at 1361cm™ and 1596 cm™ corresponding to the well
documented D-band and G-band. The band at 2434cm™ is known
as the 2D band which is indicated that all graphite layers have
been oxidized [15]. Compared to the Raman spectra from raw
carbon tyre, the peak for D-band and G-band is 1339cm™ and
1581cm™. There is no peak for 2D band appears for raw carbon
tyre. The intensity ratio of the two bands indicates the quality of
product. The graphinization degree of carbon solid can be proved
by the intensity ratio of two bands (Ip/lg) and lower value of ratio
is present a high degree of graphinization [17]. In this research,
the value of Ip is 407 and the value of I is 465 while the intensity
ratio of the D band relative to the G band (Ip/lg) is 0.88. The
lower value of (Ip/lg) is indicated that it has low value of defect.
Based on the result, it shows that grapheme oxide has been suc-
cessfully produced [16].
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Fig. 3: The Raman spectra of graphene oxide obtained.

4. Conclusions

Graphene oxide successfully synthesized from waste tyre using
modified Hummer’s method. The structural properties of the gra-
phene oxide obtained from modified Hummer’s method success-
fully determined. Based on the scanning electron microscopy
(SEM) and EDX characterization, the structure of graphene oxides
are stalked together, bumping pieces with coarse surfaces and
uniformly flake. The elemental composition of sample of C ele-
ment is higher than O element which is it give a good composition
of graphene oxide. On point of the Raman spectrum analysis, the
Raman spectra that obtained from graphene oxide display two
peaks, which is D-band, and G-band which at 1359.68cm™ and
1602.89 cm™ respectively. There are 2D band appears in the spec-
trum at 2434cm™ which shows that graphite was oxidize. The
value (Ip/lg) is 0.88 which indicate the successful of graphene
oxide produced with low value of defect.
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