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The Oxygen Reduction Reaction (ORR) is a key process in the electrochemical performance
of Proton Exchange Membrane Fuel Cells (PEMFCs). Precious metal electro catalysts are
traditionally used at the cathode due to their efficiency in catalyzing ORR at low
temperatures. However, the development of alternative catalysts using non-precious
materials is essential for cost reduction and sustainability. In this study, we successfully
synthesized selenium-reduced graphene oxide (Se-rGO) combined with cobalt acetate
nanoparticles as a potential ORR catalyst. The synthesized materials were characterized
using X-ray diffraction (XRD) to verify the presence of selenium, graphene, and cobalt,
confirmed through specific diffraction peaks. Fourier Transform Infrared Spectroscopy (FTIR)
was employed to identify functional groups, while the morphology and structure were
examined via Scanning Electron Microscopy (SEM). Additionally, elemental composition
analysis using Energy Dispersive X-ray Spectroscopy (EDAX) confirmed the incorporation of
selenium, graphene, and cobalt in the synthesized catalyst.
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INTRODUCTION

The problems of global warming, environmental pollution and energy risk were drawn
greater attentions for the development of clean and sustainable energy sources (Gu, Hu, Li,
& Wang, 2018). The newly emerging field of nanotechnology has the potential to make a
significant impact on the electro catalysts for the ORR by introducing novel nano scale
materials (Zhu Chen, Higgins, Tao, Hsu, & Chen, 2009). The fuel cells have been receiving
a lot of attention as a sustainable power source for transport, sustainable and portable
applications because of their efficiency and low emission (Campos-Roldan et al. 2016). The
Proton Exchange Membrane Fuel Cell (PEMFC) is considerable as an ideal power source
for mobile and stationary applications (Sa et al. 2014). The oxygen reduction reaction plays
an important role in the overall performance of electrochemical energy devices, such as fuel
cells and metal air batteries (Zhou et al. 2013). The exploration of non- precious metal
catalysts with high efficiency, low cost and superior durability to oxygen reduction reaction
have been conducted as promising candidates to replace platinum based catalysts such as
transition metals, nitrogen, carbon and etc. (Sun et al. 2018). The transition metals shows
catalytic behavior mainly due to the presence of vacant ‘d’ orbital and the ability to exhibit
variable vacancies and the tendency to form complex compounds (Song et al. 2018). TMOs
have received considerable attention as anodic materials for use in batteries because of
their superior theoretical capacity. Graphene, improves the conductivity, because it has a
high surface area, good mechanical properties and high electrical conductivity, which help in
improving the electrochemical properties of medal oxides (Zhongwei Chen, Dodelet, &
Zhang, 2014). Recently a large number of reports has been published on ORR electro
catalysts, to reduce the cost of fuel cells electro catalysts, Two major approaches are
currently very active i) To increase the platinum catalytic activity and reduce Pt content
through alloying with other transition metal oxides such as Cr, Ni, Fe, Co and so on, ii) To
improve the Pt utilization by increasing the surface area and dispersion of Pt nano particles
using high surface carbon supports (Unni, Mora-Hernandez, Kurungot, & Alonso-Vante,
2015). TMOs have received attention ex. HER (Tian, Zhou, Sun, Ding, & Wang, 2007),
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ORR (Zhang, 2008), and solar cells due to their multifunction behavior and thus important as catalysts in PEMFC and
ease of synthesis (Chao, Tsai, Wu, Tseng, & Huang, 2013). From these approaches we are prepared the materials by
using the transition metal oxides. In the D block elements, The cobalt has greater ability in accepting atoms from other
molecules and forming complex molecules needed in further chemical reactions, process and the cobalt can react to form
more than one ion to exhibit catalysis thus allowing for a wider variety of reactions (Baerlocher & McCusker, 1994). So we
focus alloying the precious metal with another metal in order to increase the mass activity with respect to platinum and
eliminating the need for platinum by producing non precious metal catalysts that can match platinum in catalytic activity.

Materials and Method

Preparation of Se-rGO and CoSe2/Se - rGO

200 mg of graphite oxide was ultrasonically dispersed into 100 ml deionized water at 45°C, then under stirring the
200mg of SeO2 was added into the suspension of GO. The temperature maintained at 80° C for 2 hrs. Then the reducing
agent hydrazine hydrate was dropped into the mixture. The resulting mixture was filtered by using whatmann filter paper
and the prepared sample was washed well with deionized water and freeze drying. The product was labeled as Se-rGO.
Similarly for the preparation CoSe2/Se-rGO, 0.023g of Na2 SeO3 is dissolved in 13 ml of Diethylene Triamine (DETA)
solution to prepare solution A and 0.1350 g of Se-rGO and 0.0172 g of Co(AC)2. H20 is dispersed in 26 ml of water to
prepare solution B. the two solutions were transferred to an autoclave, which was maintained at 180°C for 16 hrs. Then
the system was left cooled down to room temperature. The product was filtered by using whatmann filter paper and
washed well with deionized water and freeze drying. The product was labeled as CoSe2/Se-rGO.

Results and Discussions

X-Ray Diffraction & FTIR Spectrum Analysis

The presence of phase structural transformation of the synthesized Se-r Go and Co Se2/Se-rGo sample was
characterized by X-Ray diffraction. X-Ray diffraction detection on a PAN analytical Xpert 3 with a Cu Ka radiation
()\=1.54‘IA). High intense peaks are noticed in the X-Ray diffraction pattern of the Se-r Go and Co Se2/Se-rGo material,
which confirm the nano crystalline nature of the material, the pattern does not contain any impurity peak, which confirm
the purity of the material and phase. The broad diffraction beak Between 20° to 30° shows the presence of carbon. The
crystalline size was calculated using the Debye Scherer’s formula. From the XRD results calculate the crystallite size of
the materials was calculated using the relation. The calculated crystalline size was 34nm. The peak position at 20 =
26.30, 29.44, 44.23 confirm the presence of Selenium and cobalt. The FTIR spectra for all prepared samples are
analysed using Bruker, Alpha T, model spectrometer and it ions recorded by KBr pellet technique from the range of
4000cm to 4000 cmt. Fourier Transform spectroscopy is a technique which is used to obtain an infrared spectrum and
to measure the vibrational frequencies of bonds in the molecule. Fig 3 shows the FTIR spectra of prepared Se-rGo nano
material, well defined absorption bands were observed at 586.61 cm and 671 cm* which is assigned at Co-O stretching
vibration and O-Co-O bridging vibration. The wave length at 1107 cm? and 1402 cm? assigned at alkoxy group and
carboxyl C-O. The wave length at 1626 cm! assigned at unoxidized graphitic domains. Fig 4 shows that the FTIR spectra
of Co Se2/Se- rGo. The wavelength at 1052 cm and 1251 cm confirm the stretching vibration of C-O according to
standard spectrum of cobalt acetate peak should be at frequency range 2980 cm-! and 3526 cm-assigned the O-H bands
[24]. 1649 cm and the C-H bands near 2980 cm are due to the presence of cobalt acetate residue.
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Sem and edax analysis

Scanning electron microscopy is used for inspecting topographic of specimens at very high magnifications using a piece
of equipment called the Scanning Electron Microscope. In order to obtain insight information about surface morphology
and patrticle size of the samples, SEM analyses were performed. SEM analysis was carried out using Carl Zeiss EVO 18
at 25 Kx magnifications. The morphology of the synthesized Se-rGo and CoSe2/Se-rGo nano materials examined by the
SEM was shown in Fig 5&6. The Energy spectrum analysis technique was used to determine the composition of the
sample. The EDAX spectrum of Se-rGo Fig (7) shows the presence of selenium, at 2KeV the presence of grapheme were
present in the prepared sample. No appreciable quantities of Cu were observed over a number of surface sites. The
EDAX spectrum of Co Se2/Se-rGo Fig (8) shows the presence of cobalt and selenium, so it will be confirmed that cobalt

is assisted with selenium.

4000

Indensity

%T

400000

3000008

2000008

100000

| Co SerGO

1

20 30

a0 50

TO
Position 2 theta

100 —

80 -

60 —

40

20 -

CoSe, / Se-rGo

T
500

5,000

Intensity [Counts]

T
1000

T T T
1500 2000 2500

Wavenumber (ecm’ 1 ) 7

Figure 1,2 :XRD spectra and figure 3, 4 shows FTIR spectra of Se-rGO and CoSe2/Se — rGO respectively
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Figure 5, 6: shows SEM images of Se-rGO and CoSe2/Se — rGO and 7,8 shows EDAX spectra of Se-rGO and

CoSe2/Se —rGO respectively
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CONCLUSION

Selenium decorated reduced grapheme oxide (Se-rGo) was successfully prepared and CoSe2 was assisted into the Se-
rGo, the phase structure and crystalline size were determined by the X Ray Diffraction analysis. The functional groups
were presented in the prepared sample were identified using FTIR analysis. The morphology and composition of the
prepared samples were analysed by Scanning Electron Microscope and EDAX.
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