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Abstract

This research aims to investigate the possibility of
synthesis of graphene from food and agricultural waste
materials by Chemical Vapor Deposition (CVD). The
starting materials including coconut shells and cricket legs
were used to synthesize graphene. The synthesized
graphene specimens were characterized by Ultraviolet-
visible spectroscopy (UV-Vis), Powder X-ray diffraction
(XRD) technique, Dispersive Raman spectroscopy, SEM,
and TEM. Both resultant graphene samples: coconut
shells and cricket legs showed graphene characteristics
with the maximum wavelength of UV spectrum of
synthesized graphene in ethanol at ~244 nm comparable
with a standard graphene. The graphene characteristics of
coconut shells and cricket legs were also confirmed by
XRD showing (002) peak at 26~26°. The SEM images
showed lamella structure and wrinkle texture,
demonstrating the multilayered microstructure and
crumpled sheets and folded sheets. The TEM images also
confirmed the layered sheets restacking structure with the
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different numbers of sheets and expressed that the graphene is a semltransparent material. Data obtained from Raman
spectroscopy indicated that the defect of structure band or D-band at 1,340 — 1,380 cm™, the graphite band or G-band at 1,500
— 1,600 cm corresponding to sp? of carbon atom, the graphene band or 2D-band at 2,500 — 2,600 cm™ showing that the
structure of graphene is a multilayer with small sizes and the overtone band of graphite or 2G - band at 3,100 — 3,200 cm™. On
the basis of the result, graphene was possibly synthesized from coconut shells and cricket legs.
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Introduction

Reducing food and agricultural wastes will not only help
to earn more income but also to save the world from
environmental problems [1]. Food and agricultural wastes
significantly created from thrown away food and garbage
each day by human activities are serious causes of the global
warming crisis [2, 3]. Greenhouse gases (e.g. carbon
dioxide, methane and water vapor), especially methane
produced by continuously increased food waste each year
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are the cause of global warming that are contributed by
continuously increased food and agricultural wastes [2, 4]
each year. The recycle of food and agricultural wastes is one
of the reduction methods of many greenhouse gases [5].
Here, an approach of recycle of food and agricultural wastes
as starting materials of graphene synthesis will be another
interesting choice of saving the world from the global
warming effect. The possibility of using the different starting
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materials instead of the highly pure graphite not only helps
to reduce the global warming but also offers the alternatively
suitable choices in the future when there is lack of graphite
sources left around the world. These alternative starting
materials will possibly help to lower the cost of expensive
graphene synthesis since the highly pure graphite is very
expensive due to its refining process [6 — 8]. Almost a
decade, many researchers have studied on synthesis of
graphene from various graphite-like resources such as
natural, industrial carbonaceous and agricultural wastes. The
significant reason behind using alternative graphitic starting
materials [6,8] is to reduce the expenditure of synthesis as
mentioned above. Not only switching from expensive high
pure graphite to cheaper or free of charge to lower the cost
of graphene production but also simplifying the complexity
of growing graphene will remarkably help to reduce
production costs. Based on the literature articles, we found
that there are two principal courses of action to fabricate
graphene from cheaper alternative graphitic materials: with
and without purification of raw materials. The first
procedure with purification of raw materials includes 3
steps. Step 1 is the preparation of carbonaceous substances
from food, semi-industrial and industrial wastes by burning
the wastes at high temperature at approximately 400-500 °C.
Step 2 is the graphitization of carbonaceous substances with
a potential sewage and industrial waste remover which is
Iron (I11) chloride hexahydrate (FeCls-6H,0O) under the
pH = 2 of hydrochloric acid (HCI). After the treatment, the
treated carbonaceous substances are left for a week to
remove some water at room temperature, and then the
treated carbonaceous substances will be dried at 100 °C for
5 h to collect the black solid substances which will be ground
to black powder that it is a graphitic material. Step 3 is the
Hummer’s method which will be applied to change graphitic
material to graphene oxide and then finally get reduced
graphene oxide or graphene [8]. The second approach
without purification process of raw materials consists of
only one step by burning waste samples such as food or
insects at very high temperature at 1,050 °C by using
Chemical Vapor Deposition technique (CVD technique)
directly to form graphene on Cu-foils used as a mold under
the Hz/Ar ambient [6, 7].

Even though graphene consists of a simple structure of
the two dimensional array of tightly bonded of sp?
hybridized carbon atoms creating a monolayer honey comb
shape [9, 10], it has eminently incredible physical and
chemical properties including the strongest and thinnest
material [11] but fordable, compared to diamond [12 — 14]
with transparent properties [15], low electrical resistance
[16], high thermal conductivity [9, 17], and high electronic
mobility [14, 18]. There are very great in a number of
applications and technology of it, especially in electronic

filed consisting of electronic devices [19], supercapacitors
[13, 20 — 22], batteries [20, 23], composite materials [24],
nanocomposites [25], solar cells [13, 26], sensors [13, 27,
28], photocatalysis [29], energy storages [30] and transistors
[31] etc.

CVD technique was selected to grow our graphene based
on our principles of simple or no sample’s preparation and
production and no rigorous chemical treatment. CVD is a
vapor coating on a metal such as copper, nickel, iron, cobalt
or platinum [6] to form the product [32].

The main object of this work is to provide an alternative
method and information of other possible options of starting
material precursors for graphene production to reduce the
amount of food and agricultural wastes.

Materials and Methods

Materials

The samples: two coconut shells and cricket legs (fresh
markets in Ubon Ratchathani province, Thailand), 99.80 %
purity of copper foil (Cu foil) (SP Med Science Limited
company), ethanol (AR grade, BDH), acetic acid (AR grade,
J.T Beaker), standard graphene powder (#900713, Sigma
Aldrich), filter paper No. 1 (Whatman), and VTF2 Vecstar
high temperature tube furnace served as a chemical vapor
deposition (CVD) instrument.

Sample Preparation

Two coconut shell and cricket leg wastes were first
washed to remove some dirt without weighing out the amount
of waste samples. Both starting materials were dehydrated in
a vacuum oven at 65 °C for 10 h to eliminate some moisture
before weighing out 1 g of each sample waste to be used as
the feed material in the next step. The process of sample
preparation for graphene synthesis from coconut shell and
cricket leg wastes is illustrated in Fig. 1.

Synthesis of Graphene

A copper foil (Cu foil) with purity or 99.80 % was cut
acid for 10 min and then rinsed with ethanol. 1 g of each
prepared coconut shells and cricket legs was put on the
cleaned 2 x 2 cm? Cu foil and the sample material on the Cu
foil was put in a clean quartz boat and this set of sample
material was then sled in the middle of CVD furnace and
calcined at 1,050 °C for 15 min [6], with Ar flow into
2 x 2 cm? and then was washed with 10 % v/v of acetic at ~
500 cm® min=t. The sample was left in the CVD system to
cool down naturally. The cool and black annealed sample on
the Cu foil was washed with ethanol and filtered to get the
graphene product solution. All the previous processes of the
graphene synthesis were repeated several times, depending
on the starting materials used, to collect more graphene
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Fig. 1 The process of sample preparation for graphene synthesis from coconut shell and cricket leg wastes.

solution. To get the graphene powder, the ethanol solvent
was drained out and the left wet graphene powder and
scooped out of the container to be dried in the oven at
~ 79 °C for ~ 5 — 8 h and finally put the room temperature
product in the vacuum desiccator.

Samples Characterizations

Graphene characteristics were studied by Ultraviolet-
visible  spectroscopy (UV-Vis) (Brand: Shimadzu
Corporation, Model: UV-2401PC) to identify the graphene
absorption, powder X-ray diffraction (XRD) (Brand:
Philips, Model: XPert) to examine the crystal structure of the
samples and Dispersion. The data were collected from 10 to
80 degrees with 0.02° steps and the scan speed of 0.5 second
per step using CuKa line (1.54 A). Raman spectroscopy with
532 nm laser as excitation sources, Power laser: 20 mW,
spectral range: 4500 — 70 cm™ and Detector: TE-cooled
CCD (Brand: Bruker Optics, Model: Senterra) to study
chemical and structural information, Scanning Electron
Microscope (SEM), acceleration voltage of 15 kV (Brand:
JEOL, Model: primus 7600+) to study surface morphology
and Transmission Electron Microscope (TEM), acceleration
voltage of 80 kV (Brand: TECNAI, Model: 10/21) to study
microstructure of the products.

Results and Discussion

Graphene characteristics of samples were confirmed by
UV spectrum of standard graphene (Sigma Aldrich, 2018) in
ethanol with Amax at ~ 242 — 244 nm. Fig. 2 shows that UV

spectra of graphene synthesized from both coconut shells
(Fig. 2(2)) and cricket legs (Fig. 2(b)) in ethanol exhibit Amax
at 244 nm with sharp/flat feature [33, 34]. The absorbance
of the synthesized graphene shows a very sharp peak with
low intensity of approximately 0.40 because the
concentration of graphene of the synthesized graphene is
very low relatively to the intensity of absorbance of the
standard graphene. The shape of absorbance of the standard
graphene is broad with high intensity of 2.50 since the
concentration of the standard graphene used to determine the
characteristic of graphene was high. The high amount of
graphene molecules causes the induction between molecules
of graphene. Therefore, the spectrum is the peak of the
absorption of induced molecules not free molecules that
results in a broad band. The high amount of graphene also
causes accompanying both vibrational energy and rotation
energy levels of the electronic transition of absorbing
molecules. This phenomenon leads to the broad band as
well. To confirm the graphene characteristic, adding the
standard graphene into the synthesized graphene to observe
the feature and the intensity of the peak was applied. The
result shows that the spectra of the mixture of the standard
graphene and the synthesized graphene from coconut shells
or cricket legs are also broad bands which are similar to the
spectrum of the standard graphene. However, the intensities
of the spectra of the mixtures are lower than the intensity of
the standard graphene. This is because the amount of the
standard graphene added into the synthesized graphene was
reduced so the total amount of the mixture of the standard
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Fig. 2 UV-vis spectra of standard graphene and synthesized
graphene products in ethanol (a) standard graphene,
standard graphene + synthesized graphene from coconut
shells and synthesized graphene from coconut shells
(b) standard graphene, standard graphene + synthesized
graphene from cricket legs and synthesized graphene from
cricket legs.

graphene and the synthesized graphene was lower than the
amount of the standard graphene alone.

Powder X-ray diffraction (XRD) technique indicated
graphene characteristics of synthesized coconut shells and
cricket legs of (002) plane at 26 = 26° (Fig. 3) corresponding
to disorder packing of multiple graphene sheets [35]. This
position of spectra demonstrates the (002) plane of graphite
with interlayer spacing of ~ 0.34 nm. [36 — 39]. The XRD
patterns of synthesized graphene from both coconut shells
and cricket legs are analogous to those of the graphene

produced by Fatima Tuz Johra and coworkers [37]. Their
graphene was made by the enhanced Hummer’s method with
graphite as a feed material and the graphene fabricated by
Xiangrong Liu et al. [35]. They applied hydrothermal
exfoliation method to construct graphene by using graphite
as a starting material. The only difference of the XRD
patterns of the synthesized graphene from the sample wastes
is the shape of the spectra. The XRD pattern of the
synthesized graphene from coconut shells (Fig. 3(a)) is
obviously broader than that of synthesized graphene from
cricket legs (Fig. 3(b)). The broadening spectrum
demonstrates disorder of graphite layers caused by
expansion of empty rooms between graphite layers. It means
the synthesized graphene from cricket legs (Fig. 3(b)) is less
disorder of graphite stack after expansion than the
synthesized graphene from coconut shells.

The Raman spectrum of synthesized graphene from
coconut shells (Fig. 4(a)) exhibits the three distinctive peaks
of the defect structure band or D-band at 1,340 — 1380 cm,
the graphite band or G - band at 1,500 — 1,600 cm™
corresponding to sp? of carbon atom. The graphene band or
2D - band at 2,500 — 2,600 cm~ showing that the structure
of graphene is multilayers with small size. The Raman
spectrum of the synthesized graphene from cricket legs
Fig. 4(b) also shows the main three peaks of D — band, G-
band and 2D — band, but also the overtone band of graphite
or 2G - band at 3,100 — 3,200 cm™*. [6 — 8, 23, 25, 33, 35,
37 — 41]. Both Raman spectra of the synthesized graphene
from coconut shells and cricket legs are analogous to those
of graphene created by Fatima Tuz Johra et al. [37] and
Liurong Shi et al. [40]. Liurong Shi and team operated CVD
technique to grow graphene on sodium chloride (NaCl)
crystals by using the mixture of argon, ethylene and
hydrogen gases as a primary material.

The surface morphology of both synthesized graphene
from coconut shells (Fig. 5(a)) and synthesized graphene
from cricket legs (Fig. 5(b)) is explained by the SEM images
that reveals lamella structure and many wrinkle texture,
demonstrating crumpled sheets and folded sheets, and the
multilayered microstructure which is supported with a strong
evidence of the TEM images (Fig. 6) of both synthesized
graphene from coconut shells (Fig. 6(a)) and synthesized
graphene from cricket legs (Fig. 6(b)). The TEM images also
confirm the layered sheets restacking structure with different
numbers of sheets and express that the graphene is a
semitransparent material [14, 23, 29, 30, 39, 42 — 44]. The
SEM image of the synthesized from coconut shells is
comparable to that of graphene nanosheets (GNs) on
platinum substrates. The GNs were produced from the
mixture of hydrogen and acetylene gases with the ratio of
2:1 by electron cyclotron resonance plasma CVD technique
[46] and are also in agreement to that of graphene cultivated



M. Ruaysap et al. / J. Mater. Sci. Appl. Energy. 11(2) (2022) 244465

from artificial graphite (such as petroleum coke and coal tar
pitch) which was thermally expanded the space between
graphite layers with high temperature [47]. Whereas the
SEM image of the synthesized graphene from cricket legs is
similar to the GNs fabricated the same starting gases which
were the mixture of hydrogen and acetylene gases with the
ratio of 2:1 but the growing was operated on copper
substrates [46].

Both TEM images of the synthesized graphene of the two
waste materials are comparable to those of graphene

70

Intensity (a.u.)

produced from graphite powder by the modified Hummer’s
method and hydrothermal reduction [38] and graphene
cultivated from artificial graphite (such as petroleum coke
and coal tar pitch) which was thermally expanded the space
between graphite layers with high temperature [47]. The
difference of the synthesized graphene from coconut shells
and cricket legs and both previous work is the number of
layers of graphene sheets. The synthesized graphene has
more layers than the previously prepared graphene.
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Fig. 3 XRD patterns of (a) synthesized graphene from coconut shells and (b) synthesized graphene from cricket legs.
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Fig. 4 Raman spectra of (a) synthesized graphene from coconut shells and (b) synthesized graphene from cricket legs.
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Fig. 5 SEM images of (a) synthesized graphene from coconut shells and (b) synthesized graphene from cricket legs.
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Fig. 6 TEM images of (a) synthesized graphene from coconut shells and (b) synthesized graphene from cricket legs.

Conclusion

We have offered an alternative option of the reuse of
food and agricultural wastes as starting materials for
growing graphene via chemical vapor deposition method
under the condition of annealing at 1,050 °C and Ar flow.
The sources were used without carbon purification,
successfully providing multiple-layer sheets of graphene
with semitransparent property. The organic components of
the sources may be a cause of different defects in the
synthesized graphene. Further enhancement in the quality
may be achieved by pre- carbon purification to remove other
components that probably affects the quality of synthesized
graphene. The most crucial benefit of this preparation

approach is that the method is simple and environmentally
friendly process.
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