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ABSTRACT
This study presents a novel method for synthesizing reduced graphene oxide (rGO) using
Saccharum officinarum (sugarcane) derived graphene oxide (GO) and Tagetes erecta
(marigold) extract. The investigation focuses on the development and characterization of
rGO/Co0O nanocomposites for super capacitor applications. The Tagetes erecta extract acts as
a green reducing agent, offering an eco-friendly and cost-effective alternative to conventional
chemical reducing agents. The synthesized nanocomposites were analysed using X-Ray
Diffraction (XRD) and UV-Vis Spectroscopy to determine their structural and optical
properties. The rGO/CoO nanocomposites exhibited impressive super capacitive behaviour,
highlighting the potential of this novel approach in energy storage applications. This research
contributes significantly to the advancement of sustainable materials.
KEYWORDS: Reduced graphene oxide, Cobalt oxide, Saccharum officinarum, Tagetes
erecta, X-ray diffraction, UV-Vis spectroscopy.
INTRODUCTION:
The quest for renewable and efficient energy storage systems has driven significant research
into the development of advanced materials. Graphene-based materials have garnered
attention due to their exceptional electrical conductivity and surface area. In this manuscript,
we explore a sustainable approach for producing reduced graphene oxide (rGO) using
Saccharum officinarum derived graphene oxide (GO), reduced by Tagetes erecta extract. This
green synthesis method aims to replace harmful chemical reductants with plant extracts,
contributing to environmentally friendly manufacturing processes. The resulting rGO, when
combined, with cobalt oxide (CoO), forms nanocomposites with enhanced electrochemical
properties
AIM OF THE STUDY::

v' To synthesize graphene oxide from saccharum officinarum, through oxidation

process.
v' To synthesize tagetes erecta extract.
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v" To synthesize reduced graphene oxide/cobalt oxide nanocomposite, using tagetes
erecta extract as reducing agent, by thermal reduction process.
v' To study the structural, optical properties and also to find band gap energy of
rGO/Co0O3 using XRD and UV-Vis Spectroscopy.
MATERIALS AND METHODOLOGY:
Saccharum officinarum bagasse grinded well into fine powder + Ferrocene as Graphene
Oxide, Tagetes erecta extract from the petals to reduce the graphene oxide, Cobaltous nitrate
hexahydrate as a metallic salt to be anchored with rGO, Deionized water to prepare the
solutions. The characterization techniques used were X-Ray Diffraction (XRD) for structural
analysis, UV-Vis Spectroscopy for optical studies and band gap energy.1 g of well ground

sugarcane powder is mixed with 0.2 g of ferrocene and kept in muffle furnace directly.

Graphene oxide is obtained through oxidation process and used for further analysis.

Petals of marigold are finely cut and dried under sunlight for 4-5 days. The dried petals are
grinded well into fine powder. About 5 g of marigold powder is mixed in 100 mL of distilled

water and heated for about 20 minutes. The extract is strained and is used as a reducing agent.

e

0.28 g of the synthesized GO is dispersed in 100 mL of distilled water and is stirred for about
30 minutes and then 8 g of cobaltous nitrate hexahydrate mixed in 100 mL of distilled water,
and 100 mL of the marigold extract with 3 g of NaOH, are added with the GO dispersion and
is stirred for about 3 hours at 95°C. In this process, the cobaltous nitrate is reduced to cobalt
oxide using the marigold extract and the pH is maintained using the NaOH pellets. The
mixture of Cobalt oxide and GO, is then centrifuged and then placed in a hot air oven for
about 4 hours at 120°C. The dried mixture is then placed into muffle furnace for about 10

minutes at 450°C for calcination. A black product is obtained and is sent for further analysis.
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The marigold extract is used to oxidize the cobaltous nitrate into cobalt oxide which is further

used in the synthesis of rGO/cobalt oxide.

RESULT AND DISCUSSION:

XRD Analysis: This analysis is used to determine the crystalline size, structural properties
and phase of the synthesized nanocomposite, using the JCPDS card number 078-0209 as
reference. The average particle size of the nanocomposite is found by using the Debye-

Scherrer formula:

_ Ki

D=
Proso

(nm) (1)

K —shape factor (approximately 0.9)

B - full width at half maximum (FWHM) of a diffraction peak
A —wave length of the X-ray

6 -Bragg angle

The particle size is found to be 10.32 nm.
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The XRD peaks for reduced graphene oxide/cobalt oxide exhibit strong peaks around
20=25.04°, which indicates the reduction of GO to rGO, 26=42.78° 26=60.99° and
26=76.67° indicates the presence of CoO. The peak value of rGO, indicate the reduction of
GO to rGO, by the marigold extract and the reduction of cobaltous nitrate into CoO.

UV-Vis Spectroscopy:

The band gap energy and the dielectric constant, are found through the following formulae:

Eg= 2 (2)
Eg-energy band gap
A-Absorbance
The number 1240, is a conversion factor.
er = n?— k’(real part of dielectric constant) (5)
€i = 2*n*k(imaginary part of dielectric constant) (6)

n —refractive index

k -extinction coefficient
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band gap energy is observed as 1.31 eV. It is a crucial parameter to know about the electrical
conductivity and optical properties of the synthesized nanocomposite. The dielectric constant
is found to be 12.9 and is used to quantify the ability of the synthesized nanocomposite to
store electrical energy, for supercapacitor applications.

CONCLUSION:

The rGO/CoO nanocomposite was successfully synthesized from the saccharum officinarum
derived GO through thermal reduction process. The particle size of the synthesized
nanoparticle, is found to be 10.32 nm, using the XRD analysis. The band gap energy of the
synthesized nanoparticle, is found to be 1.31 eV, using the UV-Vis spectroscopy analysis.

The synthesized nanocomposite is observed to have the characteristics of electric double
305



()
=4\

~J Marian Quest — A Bi-annual Multidisciplinary Research Journal. Vol.18 ISSN2249- 7145.

layer capacitors (EDLC). It can be used in memory backup, energy harvesting and hybrid

vehicles.
REFERENCES:

1.

Ikhwan Darmawan, Likkhasit Wannasen, Supree Pinitsoontorn (2024), Synthesis,
Characteristerization and Electrochemical Properties of Reduced Graphene Oxide
Produced from Sugarcane Bagasse for Supercapacitor Applications, Journal of
Biointerface Research in Applied Chemistry (BRIAC), Volume 14, pp 109 [1].

Baskar Thangaraj, Fathima Mumtaz, Yawar Abbas, Dalaver H.Anjum, Pravin Raj
Solomon and Jamal Hassan (2023), Synthesis of Graphene Oxide from Sugarcane dry
leaves by two stage Pyrolysis, Journal of Molrcules, Volume 28, pp 3329-3338 [2].
Mirza Farrukh Waheed Baig, Syed Farhan Hasany and Muhammad Faizan Shirazi,
(2023), Green Syhthesis of Nano Graphite Materials from Lemon and Orange Peel: A
Sustainable Approach for Carbon-Based Materials, Journal of Engineering
Proceedings, Volume 46(1), pp 42 [3].

Sayantan Sinha, Kanhu Charan Andia, Naorem Aruna Devi and Bibhu Prasad Swain
(2022), Structural, Optical and Electrochemical Properties of Banana, Mango leaves
and Potato Extracts reduced Graphene Oxide, Journal of Bulletin of Materials
Science, VVolume 45(4), pp 226 [4].

S.Veeresh, H.Ganesha, Y.S.Nagaraju, H.Vijeth, M.Vandana, M.Basappa,
H.Devendrappa (2022), Graphene Oxide/Cobalt Oxide nanocomposite for high
performance electrode for supercapacitor application, Journal of Energy Storage,
Volume 52, pp 104715 [5].

Yunfu Liu and Guo Lui (2022) Green Synthesis and Electrocchemical Performances
lonics, Volume 28(7), pp 3547-3555 [6].

Taegun Kim, Edmund Samuel, Jaewoo Seol, Hae-Seok Lee, Sam S.Yoon (2022),
High energy density super capacitor using supersonically sprayed water-based
precursors comprising cobalt-iron oxide and resuced graphene oxide nanosheets,
International Journal of Energy Research, Volume 46, pp 14305-14317 [7]

R.Kumar, R.Thangappan (2022), Electrode material based on reduced graphene
oxide (rGO)/transition metal oxide composites for super capacitor applications: A
review, Journal of Emergent Materials, Volume 5(6), pp 1881-1897 [8].

Dyah Ayu Fatmawati, Triyona, Wega Trisunaryanti and Uswatful Chasanah (2022),
Effects of Metal Concentration on Physiochemical Properties of Cobalt/Reduced

306



()
=24\

10.

11.

12.

13.

14.

15.

16.

~J Marian Quest — A Bi-annual Multidisciplinary Research Journal. VVol.18 ISSN2249- 7145.

Graphene Oxide through one-pot greener thermal reduction using ultrasonic
activation, Rasayan Journal Chem., Volume 15 (No.4), pp 2969-2975 [9].

Nithin Joseph Panicker and Partha Pratim Sahu (2021), Green Reduction of Graphene
Oxide using Phytochemicals extracted from Pomelo Grandis and Tamarindus indica
and its super capacitor applications, Journal of Material Science: Material Electron,
Volume 32, pp 15265-15278 [10]

Murat Ates, Ozan Yoruk and Yuksel Bayrak (2021), Binary Composites of Reduced
Graphene Oxide and Cobalt(ll,111) Oxide for Super capacitor devices, Journal of
Advanced Performance Materials, Volume 37, pp 1168-1182 [11].

Jude N.Udeh, Raphel M.Obodo, Agnes G.Nkele, Assumpta C.Nwanya, Paul
M.Ejikeme, Fabian I.Ezema (2021), Recent Advances in Usage of Cobalt Oxide Nano
materials Electrode Material for Super capacitors, Journal of Electrode Materials for
Energy Storage and Conversion, Volume 1, pp 141-170 [12].

Veronica Deekala, Rathna Babu Guntur, Jyothsna Pragathi Yazala, Anitha
Kowthalam, Ramesh Raju Rudra Raju (2021), Cobalt Oxide Nanoparticles: Synthesis
and Characterization, Indo American Journal of Pharmaceutical Sciences, Volume
08(10), pp 22-28 [13].

Sarika Jadhav, Ramchandra S. Kalubarme, Norihiro Suzuki, Chiaki Jerashima, Bharat
Kale, Suresh W. Gosavi, Muthupandian Ashokkumar, Akira Fujishima (2021),
Probing Electrochemical Charge Storage of 3D Porous Hierarchical Cobalt Oxide
decorated rGO in ultra-high-performance super capacitor, Journal of Surface and
Coatings Technology, Volume 419, pp 127287 [14]

M.S.Amir Faiz, C.A. Che Azurahanim, S.A.Raba’ah, M.Z.Ruzniza (2020), Low cost
and Green Approach in Reduction of Graphene Oxide(GO), using Palm Oil Leaves
Extract for Potential in Industrial Applications, Journal of Environmental Chemical
Engineering, Volume 16, pp 102954 [15].

Mohd Asyadi Azam, Mohd Izham Radzi, Muazzin Mupit, Hissyamuddin Osman,
Rose Farahiyan Munawar, Khairul Fadzil Samat, Mohd Shahadan Mohd Suan,
Kazuki Isomura, Muhammad Remanul Islam (2020), Cyclic Voltammetry and
Galvanostatic  Charge-Discharge Analyses of Polyaniline/Graphene Oxide
Nanocomposite based Super capacitor, Malaysian Journal on Composites Science and
Manufacturing, Volume 3, pp 14-26 [16].

307



()
=4\

17.

18.

19.

20.

21.

22.

23.

24,

~J Marian Quest — A Bi-annual Multidisciplinary Research Journal. Vol.18 ISSN2249- 7145.

M.Iniya Pratheepa and M.Lawrence (2020), Eco-Friendly Approach in Super
capacitor Application: CuZnCdO nanosphere decorated in Reduced Graphene Oxide
Nanosheets, Journal of Springer Nature Applied Sciences, Volume 2, pp 318 [17].
Ghadah M. Al-Senani, Nasrallah M. Derazand Omar H. Abd-Elkader (2020),
Magnetic and Characterization Studies of CoO/Co0304 Nano composite, Journal of
Processes, Volume 8(7), pp 844 [18].
Rouhollah Khani, Majid Irani (2020), A Renewable Reduced Graphene Oxide/Cobalt
Oxide Nanocomposite with excellent yield as adsorbent for determination trace-level
of brilliant green in environmental water samples, Journal of Research on Chemical
Intermediates, Volume 46(4), pp 2137-2154[19].
Owolabi M. Bakole, Segun E. Olaseni, Moses A. Adeyemo and Adeniyi S.Ogunalaja
(2020), Microwave Assisted Synthesis of Cobalt Oxide/Reduced Graphene Oxide
(Co304-rGO) Composite and its Sulfite Enhanced Photocatalytic Degradation of
Organic Dyes, from the Journal Zeitschrift fur Physikalishe Chemie, Volume 234, pp
1681-1708[20].
R.Tamilselvi, M.Ramesh, G.S.Lekshmi, Olka Bazaka, Igor Levchenko, Kateryna
Bazaka, M.Mandhakini (2020), Graphene Oxide-based super capacitors from
Agricultural Wastes: A step to mass production of Highly Efficient electrodes for
Electrical Transportation Systems, Journal of Renewable Energy, Volume 151, pp
731-739[21]
Gerardo Caldreron-Ayala, M.Cortez-Valadez, M.Acosta Elias, PG Mani-Ganzalez,
Ma E Zayas, SJ Castillo, M.Flores Acosta (2019), Graphite to Graphene: Green
Synthesis using Opuntia ficus indica, Journal of Electronic Materials, Volume 48, pp
1553-1561[22]
Prodyut Dhar, Bruna Pratto, Antonio Jose Goncalves Cruz and Sandip Bankar (2019),
Valorization of Sugarcane Straw to produce Highly Conductive Bacterial
Cellulose/Graphene Nanocomposite Films through in situ Fermentation: Kinetic
Analysis and Property Evaluation, Journal of Cleaner Production, Volume 238, pp
1859[23]
E.L.Viljoen, P.M.Thabede, M.J.Moloto, K.P.Mubiayi, B.W.Dikiza (2019), The
Influence of Sodium Hydroxide Concentration on the Phase, Morphology and
Agglomeration of Cobalt Oxide nanoparticles and Application as Fenton catalyst,
Digest Journal of Nanomaterials and Biostructures, Volume 14, pp 1131-1137[24]
308



‘. —\J Marian Quest — A Bi-annual Multidisciplinary Research Journal. Vol.18 ISSN2249- 7145.

25. Ella L. Dzidziguri, Elena N.Sidorova, Marzhan Inkar, Andrey G.Yudin, Elena V.
Kostitsyna, Dmittry Yu Ozherelkov, Konstantin V. Slusarsky, Anton Yu Nalivaiko,
Alexander A. Gromov (2019), Cobalt Nanoparticles Synthesis by Cobalt nitrate
solution, Journal of Materials Research Express, Volume 6(10), pp 105081[25]

309



