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Abstract: In this study, Carbon nanomaterials (CNMs) were synthesized from plant filaments and were investigated for the 
hydrogen adsorption capacity. Synthesis was carried out using Bagasse-a plant waste materials by pyrolyzing at high 
temperature of 700℃ in an inert atmosphere and were activated by different alkali solutions. The activated carbon fibres were 
further loaded with nano size bimetal particles. The SEM images show highly porous carbon nano structures impregnated with 
different combinations of metals. The EDAX and SEM confirmed the presence of bimetals. Raman spectra and X-ray diffraction 
indicates the presence of crystalline and amorphous carbon material.  The designed carbon nanomaterial with bimetal particles 
has the higher specific surface area (SSA) than the carbon obtained without activation which was confirmed by the BET 
analysis. This makes it a front runner for its utilization in hydrogen adsorption among numerous others. The adsorption was 
studied using a Sievert’s apparatus. 
Keywords: Carbon nanomaterials (CNMs), Bagasse, Bimetal, Activated carbon fibres, Hydrogen adsorption, Sievert’s apparatus. 
 

I. INTRODUCTION 
The abatement in petroleum products has encouraged a huge interest for sustainable power sources having higher energy 
proficiency. Moreover, this has raised overall endeavours to create elective energizes and innovations.[1]. The contamination 
because of ignition of petroleum derivatives has added to the radically altering climatic issues. Hence, the need is to create eco-
accommodating clean fuels, which, otherwise is very difficult to achieve[2]. 
Hydrogen is viewed as one of the promising energy fuels for automobiles and its utilization can be additionally stretched out to 
more modest compact gadget like PCs and cell phones and so forth[3]. Hydrogen is proficient, sustainable and eco- friendly source 
and can possibly supplant non-inexhaustible petroleum derivatives. The current energy utilization for versatility and transport 
applications represents 33% of the petroleum derivative being utilized and accordingly utilization of hydrogen will cause diminished 
carbon dioxide creation as burning of hydrogen will deliver water as by-product [3][4][5]. 
Till date different materials for storage of hydrogen have been studied, which includes graphene based materials, nanomaterials, 
complex hydrides, etc. [2][5][6][7][8]. Among the various techniques studied so far for hydrogen adsorption, physi-sorption on 
carbon material is very encouraging as there is no chemical bond between hydrogen and carbon surface, consequently giving totally 
reversible hydrogen adsorption and desorption[9][10][11][12]. It is accepted that adsorption at encompassing conditions on 
materials bearing a pores with feeble Van der Waals connection can satisfy the magnitude that have been set by the U.S. Department 
of Energy (DOE)[3][13][14]. These materials have varied capacities of adsorption of hydrogen and have inherent limitations as 
these involve physisorption and chemisorption[15] [16][17] [18]. Researchers have come up with numerous procedure for the 
preparation of CNMs, utilizing plant-based materials, to study storage of hydrogen[19][20][21]. 
Porous nanomaterials have long acquired significance as an adsorbent. For instance, adsorbent materials like nano-organized 
carbonaceous materials which comprises of carbon nanotube, layered structure such as graphene and nanofibers developed from 
carbon have been created[22][23][24][25]. Carbon nanomaterials (CNMs) because of their high explicit surface region  and porous 
characteristics, notwithstanding its special mechanical property, permit it to be an ideal substrate which can be adjusted through 
various metals enrichment for expanding hydrogen adsorption[26][27][28][29]. Considering the use of various transition metals in 
hydrogen adsorption, nickel is favourable in light of the fact that it is plentiful, cheap in comparison with different metals and have 
comparable hydrogen adsorption properties.[30][19][31] 
In this study, attempts were made to study the effect of treatment of bimetals (Nickel in combinations with other metals) on 
hydrogen adsorption property of CNMs prepared from plant waste materials. 
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II. EXPERIMENTAL TECHNIQUES 
A. Synthesis of Carbon nanomaterials 
The bagasse fibers obtained from the plant waste materials was carbonized in a designed Lindberg horizontal quartz tube furnace at 
700℃ for 3 hours in inert atmosphere and was activated with alkali solutions of different concentrations. The activated carbon was 
treated with bimetal solution and annealed in the presence of carbon dioxide (CO2). This highly porous carbon nanomaterial was 
utilized for studying the hydrogen adsorption properties using the Sievert’s apparatus. 
 
B. Determination of Hydrogen Adsorption using Sievert’s Apparatus 
Adsorption of hydrogen by the CNMs formed was examined by utilizing Sievert’s apparatus at ambient temperature at a pressure of 
60 bars. For the study, 10g of CNMs sample was utilized. 
 

TABLE I: HYDROGEN ADSORPTION BY CNMS ENRICHED WITH BIMETALS 
Bimetal BET 

m2g-1 
Pore Volume 
cc/g 

Adsorption 
wt% 

Ni-Mg 517.875 0.220 4.84 
 

III. RESULTS AND DISCUSSIONS 
A. Characterisation of CNMs 
The final CNMs obtained by annealing is analysed by X-Ray Diffraction (XRD) techniques [Fig. III(a)]. One Broad peak was 
obtained at 36.31 two theta value which corresponds to (002) plane and another sharp peak at 43.19 two theta value that corresponds 
to (100) plane. 
 
B. SEM Images of CNMs 
Scanning Electron Microscopy(SEM) provides a vital information regarding the characteristics viz. morphology of samples[32]. In 
this study, SEM was utilized to investigate the surface morphology of the designed CNMs prepared from bagasse- a plant waste 
materials. The SEM images obtained, reveals the porous nature of the material [Fig.1], distribution of bimetals and width of the 
sample was found to be around 424-461nm [Fig.2]   
 
C. EDAX of Sample 
EDAX of the sample gives the information regarding the concentration and distribution of the bimetal (Ni and Mg) on the surface of 
the CNMs. The major elemental composition displayed by EDAX is 81.83% of C and 3.2% of bimetal. [Table 2] 

 
D. Raman Analysis of CNMs 
Raman spectrum [Fig. III(b)] indicates the two peaks, one at 2581 cm-1 of G band and another at 3173 cm-1 of D band that reveals 
the graphitic carbon materials[33][34] having disorder structure. 

 
Fig.1 SEM images of Porous Sample 

 
Fig.2 SEM images shows distribution of bimetals and 

width of the sample 
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TABLE 2: EDAX of Sample With Elemental Composition 

 

Element Weight
% 

Atomic% 

C K 81.83 87.29 

Ni K 2.68 0.59 

Mg K 0.52 0.27 

O K 14.56 11.66 

Si K 0.42 0.19 

Total 100.0  

 

 
[Fig. III(a)] X-Ray diffraction of CNMs 

   
[Fig. III(b)] Raman Spectra of CNMs 

 
IV. STUDY OF HYDROGEN ADSORPTION 

The CNMs obtained were used to study the hydrogen adsorption at defined temperature as mentioned in Table 1. Adsorption of 
hydrogen not only count on the SSA of the sample but also depend on the spill-over theory [34]. The adsorption of hydrogen on 
CNMs was measured as 4.84 wt% at ambient temperature at a pressure of 60 bars. The surface area by BET (Brunauer-Emmett-
Teller) analysis was found to be 517.875 m2g-   with pore volume of 0.220 cc/g. The presence of metal nanoparticles on to the carbon 
surface is known to increase the hydrogen adsorption by expanding the porosity of carbon materials[30]. These metal particles also 
aid to separate hydrogen in such that upgrading the hydrogen adsorption limit. 
 

V. CONCLUSION 
In summary, pyrolysis of Bagasse- a plant waste material was carried out and hydrogen adsorption was determined at ambient 
temperature using a sieverts apparatus. The adsorption of hydrogen on CNMs was measured as 4.84 wt% at a pressure of 60 bars. 
The outcomes reveal the considerable uptake of hydrogen by using 10g of CNMs sample. 
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