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Abstract: Graphene, a two-dimensional crystalline allotrope of carbon, has received greater attention
from numerous researchers due to its excellent properties. Graphene could be produced by various
techniques, each method has its advantages and disadvantages. In this research article, a novel method
using agricultural waste rice husk as a precursor and chemical activation to produce few-layer graphene
nanosheets was developed. Traditional approaches' significant shortcomings and the environmental
concern of agricultural waste have been eliminated. The synthesized material was characterized using
FESEM, Raman Spectroscopy, X-Ray diffractometer, UV-Vis absorbance and FTIR analysis. FESEM
analysis of the surface morphology revealed smooth edge few-layer graphene. The formation of sp?
hybridized atoms can be seen in XRD spectra at 26.3 degrees. The C=C stretching bonds detected at
1612 cm™ wavelength are responsible for the graphitic structure.
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1. Introduction

Nanomaterials created a revolutionary impact on new generation materials in food packaging,
pharmaceuticals, energy storage, electronics, wastewater treatment because of the excellent thermal and
electrical conductivity, high surface area to volume ratio, exceptional strength and resilience. The effect
of the implication of nanocarbons in electrochemistry, tribology, drug delivery, optics, biomedical
imaging, hydrogen storage has provided a unigue outlook to the nano dimensional materials. Due to
their peculiar properties, nano carbons such as graphene, fullerenes and carbon nanotubes have intrigued
the interest of many researchers such as mechanical stability, light scattering and adsorption,
electrochemical flexibility, high conductivity and good corrosion resistance [1,2].

Since its discovery in 2004, graphene has paved a novel outlook for multiples of new generation
materials. Graphene is a single-layered atom thickness 2D crystalline material in which sp? hybridized
carbon atoms are stacked and tightly bound together by Vanderwall force in the shape of a regular
hexagonal lattice pattern having an atomic distance of 0.142 nm [3,4]. All graphitic products could be
derived from graphene since being the fundamental component. Fullerene can be made from a single
graphene layer (0OD), graphene can be rolled to form a carbon nanotube (1D), multiples of graphene
sheets are stacked together to form a graphite (3D) structure [5]. The unique characteristics of graphene
have gained massive attention among researchers. Graphene being the stiffer and thinnest material has
an inherent strength of 13 GPa and the Young's modulus of monolayer graphene is approximately 1.0
TPa. [6,7]. It has a high intrinsic electron mobility of 200,000 cm?v-!s™t and its low resistivity (1 pQ.cm),
ability to resist the current density of 108 A/cm? finds application in supercapacitors, sensors, high-
performance transistors, high-conductivity composites, and high-strength composites [8-10]. The
thermal conductivity of graphene is around 5000 Wmk, which is exceptional [11].

In mechanical exfoliation, the graphite is peeled off to produce graphene employing scotch tape [12].

It is the simplest method to produce a few layers of graphene, but the yield obtained is less.
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The liquid phase exfoliation technique uses a solution in which graphite is dispersed in organic
solvent and then further sonicated to separate the graphene layers. The sonicated solution is then
centrifuged at different frequencies to produce pristine graphene [13]. It is a time-consuming process
and the synthesized graphene is not of uniform thickness [14].

Chemical exfoliation is also known as the hummers process in which graphene oxide is produced by
oxidizing using chemical substances NaNOs and KMnOa. Further, the graphene oxide is reduced to
derive graphene. Even though the yield is high, the defects on graphene sheets are inevitable. The
complexity of the process is the usage of toxic reducing agents and the liberation of hazardous gases
[15]. Carbon atoms are made to deposit on a substrate to produce graphene using chemical vapor
deposition. The process molecules were maintained at a particular pressure and temperature for the
reaction to occur and the gaseous reactants are generally deposited on nickel or copper substrate [16,17].
High quality and high purity graphene could be achieved. However, it has its disadvantage like difficulty
in achieving uniform deposition of carbon, operating at high temperature, the complication in thickness
control [18]. Thermally heating the single crystalline silicon carbide leads to epitaxial growth of
graphene sheets on SiC. The layers can be controlled and ordered graphene can be produced. The high
operating temperature is the principal disadvantage of this process [19].

Graphene synthesis by conventional methods has its advantages and disadvantages. These led
researchers to focus on a green cost-effective method for synthesis, which includes using natural
precursors and reducing the usage of toxic chemicals. In this research work, agricultural waste was used
to synthesize graphene and characterized by various techniques.

2. Materials and methods

The dismissal and environmental issue of agricultural waste rice husk ash (RHA) has implied its
usage as reinforcement in many applications. The researchers have focused on it because of its
significant elements SiO2 (91%), carbon (4%), Al>03 (3%) and minor traces of CaO, MgO, Fe»03 and
K20. These elements have created a significant impact on the fields of production of high purity silicon
nanoparticles, silicon carbide, amorphous silica, porous carbon, silicon nitride, binder and insulating
material in construction and refractory industries; activated carbons from RHA acts as anti-cleansing
agents and also a suitable material for water purification. The amorphous silica derived from RHA is
used in applications of waterproofing chemicals, solar panels, bio-fertilizers, cosmetics, anti-caking
agents for the food packaging industry, flame retardants [20-22].

Rice husk (RH) was retrieved from the agricultural fields and rinsed thoroughly with distilled
water to eliminate impurities and other contaminants, further dried for 24 h. The brown RH was
converted to black RHA through the charring process of heating at 200°C for 1 h in the air. Three grams
of carbon-rich RHA were mixed with 15 g of chemically activating agent potassium hydroxide (KOH)
and ground using a mortar for 15 min. The mixture was compacted and covered with ceramic wool and
sacrificial RHA in a porcelain crucible to resist oxidation at high temperatures. A large ceramic crucible
was used to accommodate the crucible. RHA was annealed in the furnace for 2 h at 800°C to activate it.
To eradicate the entrapped k elements, the sample was stirred for 6-7 h in deionized water after the
chemical activation treatment. After that, the solution was filtered and treated with deionized
water several times. The resulting sample was dried at 100°C for 24 h. Figure 1 depicts the process of
green synthesis of graphene from RH.

The synthesized material was further characterized by various characterization techniques. The
microstructure of graphene nanosheets was studied using a field emission scanning electron microscope
(FESEM). X-ray diffraction (XRD) running at a constant scan speed of 10 degrees per minute with a
Cu-Ka radiation source (A=1.54 A°) and scan range from 5 to 80 degrees at a constant voltage of 40 kV
and 30 mA was used to investigate the crystal structure. After dissipating the obtained graphene powder
in distilled water and evaluating the spectra against distilled water as a reference, the absorbance of
graphene was investigated using a UV-Vis double beam spectrometer [23]. The sample's size
distribution was determined using a zetasizer nano ZS 90 (Malvern instruments) by dispersing the
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Figure 1. Schematic process flow chart for green synthesis of graphene
using agricultural waste

sample in distilled water. Fourier transform infrared (FTIR) spectra in the range of 4000 - 400 cm™ were
recorded on a Perkin Elmer spectrometer. Raman spectroscopy (LabRAM HR800) at 532 nm excitation
wavelength at room temperature is used to determine the vibrational modes of molecules in the sample.

3. Results and discussions

The surface morphology examined in FESEM is shown in Figure 2. It is clear that thin layered
structures of graphene flakes were formed with sharp edges employing the insinuation of potassium
atoms into the rice husk ash, causing the elimination of amorphous carbon.

L 20kV  X5,000

Figure 2. FESEM morphology of rice husk derlved graphene

The XRD spectra are shown in Figure 3. At 26.3°, a strong diffraction peak emerged, corresponding
to the breaking of amorphous carbon bonds and the development of graphene in the (002) plane. The
absorbance spectra of suspended graphene particles are seen in Figure 4. The n-n* conjugation network
is responsible for the absorbance peak at 265 nm, indicating the formation of sp? carbon atoms [24].

Mater. Plast., 58 (3), 2021, 210-216 212 https://doi.org/10.37358/MP.21.3.5518


https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro
https://doi.org/10.37358/Mat.Plast.1964

(002)

Intensity (a.u)

L " 1 " 1 " 1 " 1 " 1 " 1 " 1

10 ‘ 20 30 40 50 60 70 80 90
26 (deg)
Figure 3. XRD spectra of the graphene at the (002) plane
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Figure 4. UV-Vis Spectra of graphene derived from rice husk

The distribution of particle sizes was calibrated using dynamic light scattering (DLS). The spatial
amplitude of light scattered overtime is calculated using DLS. The average particle size distribution is
about 60—70 nm, as seen in Figure 5. The role of functional groups in the prepared sample as determined
by FTIR spectroscopy is seen in Figure 6. The vibration stretches of symmetric C-H bonds produce the
peak at 2990 cm™. The peak at wavelength 1612 cm™ corresponds to aromatic C=C stretching bonds,
which are the skeleton of the graphinic structure and confirms the formation of graphene nanosheet [25].

The number of layers present is determined using Raman spectra, an essential method for the
characterization of graphene. Three distinct peaks D band, G band, and the 2D band were observed at
frequencies of 1354, 1588 and 2731 cm!, respectively, as depicted in Figure 7. The 2D peak confirms
the formation of sp? hybridized carbon atoms (graphinic structure). The in-plane vibrations of C-C
stretching are responsible for the G peak. The D peak in graphene corresponds to disordered structural
and edge defects. Defectivity is shown by the ratio of the intensity of the D band (Ip) to the intensity of
the G band (lg). The Ip/lc ratio of 0.72 indicates that the hexagonal layer of carbon is disordered [26].
The ratio of peak 2D and G intensities (I2p/lg) is used to determine the number of graphene layers. The
Ip/lg ratio of 0.84 indicates the formation of few-layer graphene nanosheets [27].
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Figure 5. Particle size distribution of graphene
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Figure 6. FTIR spectrum and the functional
groups in the graphene

L G

2D

Intensity (a.u.)

1000 1500 2000 2500 3000

Raman shift (cm™)
Figure 7. Raman spectra of the RHA derived graphene
indicating the 2D, G and D bands
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4. Conclusions

Graphene nanosheets were successfully synthesized by eco-friendly method from agricultural waste
(RHA) employing chemical activation using KOH. FESEM reveals that sharp edges graphene flakes
were formed. X-ray diffraction peak at 26.3° confirms the formation of graphinic structure. The presence
of sp? carbon atoms can be seen in the UV-Vis spectra. Graphene nanosheets ranged in size from 60 to
70 nanometers. The backbone of the graphene structure formed in the FTIR spectra indicates the
formation of graphene. The intensity ratios and peaks of Raman spectra reveal the presence of layered
graphene with fewer defects. Thus, the graphene synthesized from agricultural waste RHA is a cost-
effective method producing high-quality graphene finding applications in many fields.
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