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Abstract: To enhance hydrogen storage capacity of Carbon Nano Materials (CNMs), Transition metal Vanadium in its Nano
form at different concentrations on CNMs were synthesized from natural waste, Sugar-Cane Bagasse (SCB). Raw Carbon
obtained by pyrolyzing SCB at high temperature in an inert medium and activated by alkali were decorated with Vanadium
Nano-fibrous Flowers (V-NFs) (The authors named this as ‘Vanadium Nano-fibrous Flowers’) by annealing at different
temperatures in CO: atmosphere. XRD and Raman spectroscopic analysis were carried out for its structural elucidation. EDAX
and ICP-AES gave the amount of Vanadium being deposited. Nano-fibrous Flowers of Vanadium on porous morphology of
CNMs was depicted by SEM analysis. Comparative studies of Hydrogen adsorption of CNMs were concluded by Sievert’s
apparatus for various concentration of vanadium on CNMs.
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I.  INTRODUCTION
Depletion in fossil fuel and increasing demand for energy supply with the rising population urged scientist to pursue for alternate
energy source that will quench the need of future requirement [1][2]. In addition, it should not affect the environment adversely and
sustainable at a relatively low cost [3].
Hydrogen as a fuel will be considered in future Energy Economy as it is high in energy density, light weight and being eco-friendly.
Hydrogen is found to be abundant on earth and proves to be a sustainable and promising alternative fuel, generating significant
energy and water as a by-product. Hence, it is considered as a green energy [4][5]. Hydrogen is used in fuel cells [6], as a safe and
convenient fuel source which can be generated from renewable source [7][8]. Cost for hydrogen storage is currently not competitive
with hydrocarbon fuels on practical large scale [9]. Hydrogen store in its compressed form under pressure is being unsafe to use it as
mobility fuel [10]
Adsorption phenomenon can be utilised for hydrogen storage to lessen its hazardous consequences by limiting its dispersion thereby
making hydrogen gas safe to store. Various material showing good chemisorption and physisorption can serve as better hydrogen
storage equipments wherein physisorption is best suited for reversal desorption to generate hydrogen when needed in less efforts.
Micro-porous materials shows better hydrogen physisorption phenomenon hence can be utilised for better efficient storage material
[11]. CNM being porous and having good mechanical strength serves best option for hydrogen storage. Further, the CNM cost is
reduced in vastly when produced from renewable source thus that will lower the storage cost thus fulfilling Hydrogen criteria as fuel
for future economics.
Hence CNMs from the renewable sources are explored for better and economic hydrogen storage [12]. US-DOE has proposed 6.5
wt% as hydrogen storage capacity of material to be commercialised for future energy driven technology [13].
In this work, Effect of V-NFs being decorated on the CNMs from plant waste, sugarcane bagasse (SCB) [14] on Hydrogen
adsorption is studied for various amount of Vanadium on CNMs.

II. EXPERIMENTAL TECHNIQUE
A. Synthesis of V-NFs Decorated CNM
The SCB was pyrolyzed at high temperature, activated and decorated with V-NFs in carbon dioxide atmosphere to get highly porous
CNMs, for different VNFs concentration which were labelled as S1 and S2 [15][16][17].
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B. Hydrogen Adsorption by Sievert’s Apparatus

CNM samples of around 5g were loaded in a sample holder in furnace of Sievert’s apparatus wherein adsorption of hydrogen was
studied by using Van der Waals real gas equation at a pressure of 60 bars at ambient temperature [15][16][17][18]. The observations
at different concentration are tabulated in below Table .

TABLE I: HYDROGEN ADSORPTION OF CNMS

S Tapped Hydrogen Adsorption at 60 bar H,
N(;. CNM Density pressure and ambient temperature
g/ce % wiw
1 S1 0.2050 3.81
2 S2 0.3080 2.30

HI.RESULTS AND DISCUSSIONS
A. XRD Analysis of CNMs
X-Rays Diffraction (XRD) analysis was carried using Malvern Panalytical's Empyrean diffractometer having X-ray tube with Cu
target of wavelength as Cu Ko-1.54184 A and X-ray generator of 45kV & 40mA. XRD diffraction peaks were analysed in
continuous scanning mode with a scanning range of 10-90° of Diffraction angle (260).
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TABLE I PEAK TABLE OF XRD SPECTRA ANALYSIS OF CNMs

Standard 26 S1 S2
h,k,1 in deg from
Index ICDD card No. 00-056-0159 26 20
for Amorphous Carbon in deg in deg
0,0,2) 21 22.06 21.98
(1,0,2) 43 43.02 43.16

From the ICDD card No. 00-056-0159 for amorphous carbon and from XRD spectra in Fig. I and Fig. II and Table II and the broad
peaks at 20 = 22.06° and 21.98° diffraction angle in the spectra S1 & S2 spectra respectively of plane (0, 0, 2), indicate the presence
of amorphous phase of reduced Graphene Oxide (rGO) with the confirmation peak at 43° of plane (1, 0, 2) being broad and week
[18][19][20][21]. As there is no peak observed in spectra related to Vanadium oxides as mentioned in JCPDS 98-000-2338, ICSD-
199 & ICSD-3403 [22][23], oxides of vanadium are absent since the material has been treated at high temperature in CO, reducing
environment.
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B.  SEM and EDAX Analysis of CNMs

Scanning Electron Microscopy (SEM) analysis illustrates fine morphology of the CNMs. FEI Quanta 200 FEG SEM were used for
unfolding the “Nano-fibrous Flowers” morphology of vanadium on porous CNMs of S1 in Fig III while Energy Dispersive X-Ray
(EDAX) Analysis conducted on same surface gave surface concentration of V-NPs around 0.8% with overall uncertainty of 11.74%
as depicted in the spectra in Fig IV. Major elements Carbon being 94.8 % and Oxygen is 4.3 % as indicated in the EDAX spectra in
Fig IV infers the formation of defects as rGO as confirmed in XRD [15][24].
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Fig III Vanadium Nano-fibrous flowers on CNM in S1
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Fig IV EDAX Spectra of S1 with result table

© IJRASET: All Rights are Reserved | SJImpact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 2170



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 11 Issue XII Dec 2023- Available at www.ijraset.com

C. ICP-AES analysis of CNMs for VNF on CNM

Inductively Coupled Plasma - Atomic Emission Spectroscopy (ICP-AES) of CNMs was analysed for estimating the amount of VNF
being deposited on CNMs. Accurately weighed 0.1g = 0.001g of CNMs were digested for approximately 10 minutes in 10ml of 1:1
HCL in water of Millipore [15]. Analytical grade HCI reagent was used. It was then extracted with Millipore water which was
filtered and then the filtrate further diluted in 100mL pure Millipore water. ARCOS ICP spectrometer was used for ICP-AES
analysis whose RF generator of 1.6 kW, 27.12 MHz and wavelength range was of 130-770 nm with resolution of 9 picometer. The
prepared solutions were aspirated in this ICP-AES and analysed results being tabulated in below Table III. Concentration of VNF’s
in sample S1by ICP-AES are matching with EDAX results of S1 as 0.8%w/w.

Table III VNF Concentration of CNMs by ICP-AES

w/w percentage of
1
Sample |y \F in ONMs
S1 0.774
S2 0.945

D. Raman Spectroscopic Analysis of CNMs

Raman Spectroscopic Analysis of sample S1 and S2 were done by using Renishaw’s Invia Reflex Raman Spectrometer having
Laser HeNe as excitation source of of wavelength 633 nm with Power 17 mW which produces Raman wavenumber of Spectral
Range 200nm—1600nm.
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Fig. V: Raman Spectra of S1 Fig. VI: Raman Spectra of S1

TABLE IV: PEAK TABLE OF RAMAN SPECTRA ANALYSIS OF S1 AND S2

S1 S2
Peak-2
Parameters | | cok! G-Band | Ratioof | Feak! Peak-2 | patio Of
D-Band at at 1592 D/G D-Band at G-Band at D/G
1336 cm™! 1 1327 cm™ | 1596 cm™
cm
Intensity 1782 2153 0.83 540 571 0.95
Area 313977 385134 0.82 123916 132766 0.93

Raman analysis gave observation of two peaks at around 1336cm™ and 1592¢cm™ as D-band and G-band as shown in its spectra in
above Fig. V and Fig. VI pertaining to Distorted and graphitic sp? carbon respectively whose intensity and area ratio calculated as
0.83 for S1I and 0.95 for S2 confirms that the distorted sp?> graphene carbon increases with the increase in VNF’s concentration
during synthesis of CNMs from SCB [13]. Less intense Peak at 2329cm!in S1 & S2 spectra representing 2D band as an overtone of
D band of distorted sp? graphitic carbon can be distinctly seen [24].
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IV. CONCLUSION
From all above observation, it is concluded that with the increase in VNF concentration, Ip/Ig ratio of Raman spectra increases,
indicating the increase in the hetero atom of vanadium in graphitic carbon [24]. Hence greater the deposition of V-NFs on the CNM
formed and greater graphitization as observed from the Raman spectra, the hydrogen adsorption capacity of CNMs decreases.

V. ACKNOWLEDGEMENT
We express our sincere gratitude to SAIF (IIT Bombay) and ICON LAB (Navi-Mumbai) for carrying out characterization of
synthesized CNMs.

REFERENCES

[1] Cheng, H. M., Yang, Q. H., & Liu, C. (2001). Hydrogen storage in carbon nanotubes. Carbon, 39(10), 1447-1454. https://doi.org/10.1016/S0008-
6223(00)00306-7

[2] Rosen, M. A. (2015). The Prospects for Renewable Energy through Hydrogen Energy Systems. Journal of Power and Energy Engineering, 03(04), 373-377.
https://doi.org/10.4236/jpee.2015.34050

[3] Chen, P., & Zhu, M. (2008). Recent progress in hydrogen storage. In Materials Today (Vol. 11, Issue 12, pp. 36-43). https://doi.org/10.1016/S1369-
7021(08)70251-7

[4] Yang, S.J., Jung, H., Kim, T., & Park, C. R. (2012). Recent advances in hydrogen storage technologies based on nanoporous carbon materials. Progress in
Natural Science: Materials International, 22(6), 631-638. https://doi.org/10.1016/j.pnsc.2012.11.006

[5] Kirishna, R., Titus, E., Salimian, M., Okhay, O., Rajendran, S., Rajkumar, A., G. Sousa, J. M., C. Ferreira, A. L., Campos, J., & Gracio, J. (2012). Hydrogen
Storage for Energy Application. In Hydrogen Storage. InTech. https://doi.org/10.5772/51238

[6] Mao, S. S., Shen, S., & Guo, L. (2012). Nanomaterials for renewable hydrogen production, storage and utilization. In Progress in Natural Science: Materials
International (Vol. 22, Issue 6, pp. 522-534). Elsevier B.V. https://doi.org/10.1016/j.pnsc.2012.12.003

[7] Poullikkas, A., & Nikolaidis, P. (n.d.). (2017) A comparative review of electrical energy storage systems for better sustainability. Journal of Power
Technologies 97 (3) (2017) 220-245 https://www.researchgate.net/publication/32075566

[8] Puszkiel, J., Garroni, S., Milanese, C., Gennari, F., Klassen, T., Dornheim, M., & Pistidda, C. (2017). Tetrahydroborates: Development and potential as
hydrogen storage medium. In Inorganics (Vol. 5, Issue 4). MDPI Multidisciplinary Digital Publishing Institute. https://doi.org/10.3390/inorganics5040074

[9]1 Young, K. hsiung, & Nei, J. (2013). The current status of hydrogen storage alloy development for electrochemical applications. Materials, 6(10), 4574—4608.
https://doi.org/10.3390/ma6104574

[10] Yang, S.J., Jung, H., Kim, T., & Park, C. R. (2012). Recent advances in hydrogen storage technologies based on nanoporous carbon materials. Progress in
Natural Science: Materials International, 22(6), 631-638. https://doi.org/10.1016/j.pnsc.2012.11.006

[11] Zittel, A. (2003). Materials for hydrogen storage. materialstoday September 2003 ISSN:1369 7021 Elsevier

[12] Panella, B., Hirscher, M., & Roth, S. (2005). Hydrogen adsorption in different carbon nanostructures. Carbon, 43(10), 2209-2214.
https://doi.org/10.1016/j.carbon.2005.03.037

[13] Ariharan, A., Viswanathan, B., & Nandhakumar, V. (2017). Nitrogen Doped Graphene as Potential Material for Hydrogen Storage. Graphene, 06(02), 41-60.
https://doi.org/10.4236/graphene.2017.620042

[14] Jaguaribe, E. F., Medeiros, L. L., Barreto, M. C. S., & Araujo, L. P. (n.d.). THE PERFORMANCE OF ACTIVATED CARBONS FROM SUGARCANE
BAGASSE, BABASSU, AND COCONUT SHELLS IN REMOVING RESIDUAL CHLORINE. 22(01), 41-47. www.abeq.org.br/bjche

[15] Mukherjee, B. T., Basutkar, M. D., & Prasad, S. S. (2023). Role of Annealing Temperature on Improving the Hydrogen Storage Capacity of Copper Nano-
Particles Decorated Carbon Nano Materials Synthesized from Sugarcane Bagasse. International Journal for Research in Applied Science and Engineering
Technology, 11(12), 1625-1631. https://doi.org/10.22214/ijraset.2023.57710

[16] Sharon, M., Sharon, M., Kalita, G., & Mukherjee, B. (2011). Hydrogen Storage by Carbon Fibers Synthesized by Pyrolysis of Cotton Fibers. Carbon Letters,
12(1), 39-43. https://doi.org/10.5714/c1.2011.12.1.039

[17] Mukherjee, B., Sharon, M., Kalita, G., & Sharon, M. (2016). Ambiguity in determining H2 adsorption capacity of carbon fiber by pressure technique.
International Journal of Hydrogen Energy, 41(4), 2671-2676. https://doi.org/10.1016/j.ijhydene.2015.12.110

[18] Mukherjee, B., Kalita, G., Sharon, M., & Sharon, M. (2013). Hydrogen storage by carbon fibers from cotton. QScience Connect, 2013, 45.
https://doi.org/10.5339/connect.2013.45

[19] B.D.Cullity, “Elements of X-ray Diffraction”, Addison-Wesley Pub.Co., (1978).

[20] Astuti, F., Sari, N., Maghfirohtuzzoimah, V. L., Asih, R., Baqiya, M. A., & Darminto, D. (2020). Study of the formation of amorphous carbon and rGO-like
phases from palmyra sugar by variation of calcination temperature. Jurnal Fisika Dan Aplikasinya, 16(2), 91. httpsdoi.org10.12962j24604682.v16i2.6706

[21] Gupta, B., Kumar, N., Panda, K., Kanan, V., Joshi, S., & Visoly-Fisher, 1. (2017). Role of oxygen functional groups in reduced graphene oxide for lubrication.
Scientific Reports, 7. https://doi.org/10.1038/srep45030.

[22] Berezina, O. Ya., Markova, N. P., Kolobova, E. N., Pergament, A. L., Yakovleva, D. S., Zlomanov, V. P., & Krivoshchapov, N. V. (2019). Vanadium Oxide
Nanofibers: Synthesis and Research on Functional Properties. Micro and Nanosystems, 12(1), 68—74. https://doi.org/10.2174/1876402911666190806104117

[23] Berenguer, R., Guerrero-Pérez, M. O., Guzman, 1., Rodriguez-Mirasol, J., & Cordero, T. (2017). Synthesis of vanadium oxide nanofibers with variable
crystallinity and V5+/V4+ ratios. ACS Omega, 2(11), 7739-7745 https://doi.org/10.1021/acsomega.7b01061

[24] Hodkiewicz, J. (n.d.). Characterizing Graphene with Raman Spectroscopy. Thermo Scientific. Application Note 51946.

—

[t}

© IJRASET: All Rights are Reserved | SJImpact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 2172



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




