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Abstract: In the present work, a novel carbon nanomaterial decorated with metal nanoparticles was prepared from banana leaf.
An eco-friendly, carbon neutral with a high-cost efficiency quotient substance. The precursor, banana leaf was pyrolyzed in an
inert atmosphere and activated by using alkali solution. It was then decorated with copper nanoparticles to obtain the final
product. BET analysis revealed its significant specific surface area. The synergic effect of high surface area and nanometal
decoration makes this carbon nanomaterial suitable for removal of Pb, Co and Cr toxic metal ions. It is very effective even when
the concentration of metal ions is very low. Characterization of nanomaterials was carried out by SEM, HRTEM and XRD. The
effect of pH on removal of toxic metal ions was also studied.
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L. INTRODUCTION
There are many methods for preparations of carbon nanomaterials (CNMs) [Szabo et al.,2010] such as, chemical vapour deposition
(CVD), catalyst chemical vapour deposition (CCVD), laser ablation, arc discharge, sol gel method and by a simple pyrolysis method
or carbonization.
The carbon nanotubes and most other CNMs are prepared using petroleum products. It is a well-known fact that these materials are
non-renewable and likely to get exhausted in the near future. Today, there is a growing need to utilize agro-waste for production of
CNMs to make the process carbon neutral.
Saw dust,corn leaf, rice husk, wood fiber and coconut shell are some of the agro-wastes used for the preparation of CNMs [Fathy et
al.,2020; Thangadurai et al.,2021]. In the current study, Banana leaves were employed in the synthesis of CNMs.
Carbon has many allotropic forms because of its electronic configuration [Delhaes,2001]. CNMs represent some of carbon’s
exceptional allotropes. These allotropic forms have various chemical and physical properties. One of the optimal properties of
CNMs is their high specific surface area (SSA).
Various methods, including chemical activation and decoration of nanometals contribute to the increase in SSA of CNMs [Yoon et
al.,2004]. The high surface area proves beneficial for removal of toxic metal ions [Liu et al.,2018].
Various industrial wastewater releases contribute numerous toxic metal ions, leading to water pollution when discharged into water
bodies without proper treatment. These non-biodegradable metal ions persist in the environment, exacerbating water pollution
concerns.
Pb, Cr and Co are some of the toxic metal ions harmful to human and the environment [Mahurpawar, 2015]. The current imperative
is the removal of toxic metal ions from wastewater to address environmental concerns. There are many methods for the removal of
such metal ions [Fenglian and Wang,2011], like chemical precipitation [Motsi et al.,2009] ion exchange [Gode and Pehlivan,2006],
adsorption [Taffare and Rubio,2009], reverse osmosis, coagulation and flocculation, flotation and extraction, irradiation,
electrochemical treatment, advanced oxidation processes and biosorption processes. But among these, adsorption by using CNMs
synthesized by agro-waste, stand out as a fundamental, efficient and cost-effective approach for removal of toxic metals. [Burakov
et al.,2018]
In the present work, CNM decorated with nanometals was prepared from banana leaf (agro-waste). By analysis, it was found that
the CNM removed Pb®*, Co?* and Cr®* ions to a good extent. The efficacy of these depends on pH of metal ions solution.

1. EXPERIMENTAL TECHNIQUES
All the chemicals used in the entire work were of AR grade.
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1) Preparation of CNMs decorated with nano metals from banana leaf

Banana leaf derived CNMs were crafted in the current study. Banana leaves were collected from near-by farms. The leaves were
pyrolyzed in an inert atmosphere. The carbon obtained was activated by using NaOH solution and was decorated with copper
nanometals in presence of CO,. By analysis it was found that the CNM was highly porous in nature and had a high SSA.

2) Removal of toxic metal ions
For the preparation of Pb, Cr and Co metals ions solution, 1000 ppm of Pb(NOs3),, K,Cr,0;and Co(NO3), was prepared respectively.
The required range of 10-15 ppm metal ion solutions were prepared by dilution. 0.1 g of synthesized CNMs and 10 cm® metal ion
solution was used for analysis. pH of metal ions solution ranges from 1-6 pH were adjusted by using hexamine powder and
conc.sulfuric acid. The analyte was agitated on an agitator for half an hour. The final concentration of metal ion was determined by
using ICPAES.
The percentage removal of toxic metal ions was calculated by initial and final concentration of metal ions. [Jie Ma et al.,2019;
Shukla and Shukla,2013]

% removal of toxic metal ions = [C;-C,] / C;x 100
C; and C.is the initial and final concentration of toxic metal ions respectively.

1. RESULT AND DISCUSSION
By studying the effect of pH, CNMs decorated with nanometals prepared from banana leaf shows 94%, 92% and 80 % removal of Pb**, Co?*
and Cr®* ions, respectively.

1) Effect of pH on removal of toxic metals ions

pH of metal ions solution plays a crucial role in the removal of the metal ions by using CNMs decorated with nanometals
[Maslova,2021]. In this case, the maximum percentage removal of Pb®* and Co®* ions were observed at pH 6, and in the case of Cr®*
metal ions maximum percentage was removed at pH 1. [Khan et al.,2001; Padmavathy et al.,2016]

In the case of Pb*" and Co®* ions, at higher pH low proton density in solution, so a more active site was available on CNMs
decorated with nanometals for adsorption of metal ions that is removal of metal ions. But in the case of low pH more proton density
in the solution so a less active site was available on CNMs decorated with nanometals for removal of metal ions.

But in the case of Cr® ions, it existed as HCrO, ions and CrO,> ion at pH 1-3, so it can be adsorbed on CNMs decorated with
nanometals easily and at higher pH such negative ions did not form due to suppression of hydrolysis Cr®* ions which was
responsible for less percentage removal of Cr®* metal ions. [Anah and Astrini,2017]
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Fig. 1 Effect of pH on % removal of Pb**, Co?* and Cr®" ions by CNMs decorated with nanometals
(Initial concentration of Pb?*-12.45 mg L™, Cr®*- 13.95 mg L™ and Co?*- 14.286 mg L)

2) Characterization Of Carbon Nano Materials

a) Scanning Electron Microscopy (SEM)

By using SEM surface morphology and topography was studied. [Thomas,1986]. It shows fibers like structure of CNMs decorated
with nanometals. Nanometal distributed all over the CNMs, having size 35-75 nm.
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Fig. 2(a) Fig.2(b)
Fig 2 (a) and (b)SEM images of CNMs decorated with nanometals

b) High-resolution transmission electron microscopy (HRTEM)
Fig 3 (a) and (b)show structural features of CNMs decorated with nanometal. Fig 3(a) show fiber like structures having 40-50 nm
diameter, fig 3(b) shows decorated copper nanometals having sizes 35 to 75 nm.

&

Fig.3(a) Fig.3(b)
Fig 3(a) and (b) HRTEM of CNMs decorated with nanometals

c) X-Ray Diffraction (XRD)

XRD shows one broad peak at 26 = 23.5° shows amorphous carbon, which was graphene oxide. It also shows three sharp peaks at
43.118° 50.26° and 73.92° corresponding to planes (111), (200) and (200) indicated copper nanometals. (JCPDS, copper file
n0.9013014). [Zhu et al.,2008; Yong et al., 2007; Theivasanthi and Alaga, 2010]
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Fig.4 XRD of CNMs decorated copper nanometals

d) BET

From BET analysis the SSA of CNMs decorated with nanometals prepared from banana leaf was found to be 534.259 m?gm™ and
total pore volume 0.2919 ccg™. Such a large surface area was helpful for the removal of toxic metal ions. It was found that the
decoration of copper metal on CNMs, increases the SSA of nanomaterials.
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V. CONCLUSION
In the present work, a novel CNMs decorated with nanometals was prepared from agro-waste banana leaf. Due to their porous
nature and high SSA, by using low dose of CNMs decorated with nanometals were able to remove toxic metal ions such as Pb*,
Co* and Cr®*. Efficiency of removal of Pb?*, Co?* and Cr®" ions were found to be 94%, 92% and 80% respectively at pH 6 for Pb**
and Co®*, and for Cr®* pH was 1.

V. ACKNOWLEDGEMENT
The authors sincerely thank SAIF, 11TB for ICPAES analysis, and ICON lab Mumbai for carrying out the characterization of the
synthesized CNMs.
REFERENCES

[1] Anah L. and Astrini N. 2017. Influence of pH on Cr(VI) ions removal from aqueous solution using carboxymethyl cellulose-based hydrogel as adsorbent. |IOP
Conf. Series:Earth and Environmental Science 60,012010. doi:10.1088/1755-1315/60/1/012010.

[2] Burakov A.E., Galunin E.V.,Burakova I.V.,Kucherova A.E., Agarwal S., Tkachev A.G., Gupta V.K. 2018. Adsorption of heavy metals on conventional and
nanostructured materials for wastewater treatment purposes: a review. Ecotoxicology and Environmental Safety, vol 148, pages 702-712.
doi.org/10.1016/j.ecoenv.2017.11.034.

[3] Delhaes P. 2001. Polymorphism in Carbons and Parent Materials. Design and Control of Structure of Advanced Carbon Materials for Enhanced Performance.
NATO Science Series, vol 374. Springer, Dordrecht. doi.org/10.1007/978-94-010-1013-9_1.

[4] Fathy N.A., Basta A.H., Lotfy V.F. 2020. 4- Novel trends for synthesis of carbon nanostructures from agricultural wastes. Carbon Nanomaterials for Agri-Food
and Environmental Applications Micro and Nano Technologies, pages 59-74. doi.org/10.1016/B978-0-12-819786-8.00004-9.

[5] Fenglian Fu and Wang Qi. 2011. Removal of heavy metal ions from waste waters: A review. Journal of Environmental Management. Volume 92, issue 3,
pages 407-418. doi.org/10.1016/j.jenvman.2010.11.011.

[6] Gode F., Pehlivan E. 2006. Removal of chromium (lIl) from aqueous solutions using Lewatit S 100: the effect of pH, time, metal concentration and
temperature. Journal of Hazardous Materials. Volume 136, issue 2, pages 330-337. doi.org/10.1016/j.jhazmat.2005.12.021.

[7]1 Jie M., Mengya S., Yulan Z., Zhenhua L., Manmam Z., Yao X. and Shuping Z. 2019. Acetylacetone functionalized magnetic carbon microspheres for the
highly-efficient adsorption of heavy metal ions from aqueous solutions. RSC Advance; vol 9; pp.3337-3344. doi.org/10.1039/C8RA09830A.

[8] Khan N. A., Ali S.I.and Ayub S. 2001. Effect of pH on the Removal of Chromium (Cr) (V1) by Sugar Cane Bagasse. Sultan Qaboos University Journal
for Science[SQUJS].,vol.6; issue 2, pages 13-19, doi.org/10.24200/squjs.

[9] LiuJd., Liu Y., Pengl., Liu Z .,Jiang Y., Meng M., Zhang W. 2018. Preparation of High Surface Area Oxidized Activated Carbon from Peanut Shell and
Application for the Removal of Organic Pollutants and Heavy Metal lons. Water, Air, & Soil Pollution, An International Journal of Environmental
Pollution volume 229, Article number: 391.doi.org/10.1007/s11270-018-4021-9.

[10] Mahurpawar M. 2015. Effects of Heavy Metals on Human Health. International journal of Research-Granthaalayah; vol. 3, issue 9.
doi.org/10.29121/granthaalayah.v3.i9SE.2015.3282.

[11] Maslova M., Mudruk N., lvanets A., Shashkova I. and Kitikova N. 2021. The effect of pH on removal of toxic metal ions from aqueous solutions using
composite sorbent based on Ti-Ca-Mg phosphates. Journal of Water Process Engineering. Volume 40. doi.org/10.1016/j.jwpe.2020.101830.

[12] Motsi T. Rowson N.A. and Simmons M.J.H. 2009. Adsorption of heavy metals from acid mine drainage by natural zeolite. International Journal of Mineral
processing. Volume 92, issues1-2, pages 42-48. doi.org/10.1016/j.minpro.2009.02.005.

[13] Padmavathy K.S., Madhu G., Haseena P.V. 2016. A study on Effects of pH, Adsorbent Dosage, Time, Initial Concentration and Adsorption Isotherm Study for
the Removal of Hexavalent Chromium (Cr (VI)) from Wastewater by Magnetite Nanoparticles. Procedia Technology. Volume 24, pages 585-594.
doi.org/10.1016/j.protcy.2016.05.127.

[14] Shukla P. M. and Shukla S. R. 2013. Biosorption of Cu (1), Pb (1), Ni (I1), and Fe (I1) on alkali treated coir fibers. Sep. Sci.And Technol; vol 48; issue-3;
pp.421- 428. doi.org/10.1080/01496395.2012.691933.

[15] Szabd A, Perri C, Csaté A, Giordano G, Vuono D, Nagy JB. 2010. Synthesis Methods of Carbon Nanotubes and Related Materials. Materials (Basel).;vol 3,
issue 5:3092-140. doi.org/10.3390/ma3053092. PMCID: PMC5445923.

[16] Taffarel S. R., Rubio J. 2009. On the removal of Mn*" ions by adsorption onto natural and activated Chilean zeolites. Minerals Engineering. Volume 22, issue 4,
pages 336-343. doi.org/10.1016/j.mineng.2008.09.007.

[17] Thangadurai D.,Naik J., Jeyabalan S., Al-Tawaha A.R.M.S.,Adetunji C.O., Islam S., David M. Shettar A.K. and Adetunji J.B. 2020. Nanomaterials from
Agrowastes: Past, Present and Future. Handbook of Nanomaterials and Nanocomposites for Energy and Environmental Applications. Pages-471-487.
doi.org./10.1007/978-3-030-36268-3_43.

[18] Theivasanthi T. and Alagar M. 2010. X-Ray diffraction Studies of Copper Nanopowder. Scholars Research Library, Archives of physics Research vol 1; issue-
2, pp.112-117. doi.org/10.48550/arXiv.1003.6068;2017.

[19] Thomas G. 1986. Modern electron microscopy for materials characterization. J.Electron Microsc. Tech., vol. 3, no. 1, pp. 95-108.
doi:10.1002/jemt.1060030109.

[20] Yong Z., Zhu Z., Wang Z., Hu J., and Pan Q. 2007. One-dimensional carbon nanotube-FexCy nanocrystal composite. Nanotechnology. Vol. 18, issue 10.
doi.org/10.1088/0957-4484/18/10/105602.

[21] Yoon S.H.,Lim S., Song Y., Ota Y., Qiao W.,Tanaka A., Mochida I. 2004. KOH activation of carbon nanofibers. Carbon. Volume 42, issue 8-9, pages-1723-
1729. doi.org/10.1016/j.carbon.2004.03.006.

[22] Zhu Z.-Z., Wang Z. and Li H.-L. 2008. Functional multi-walled carbon nanotube/polyaniline composite films as supports of platinum for formic acid
electrooxidation. Applied Surface Science, vol. 254; issue 10;pp. 2934-2940. doi.org/10.1016/j.apsusc.2007.10.033.

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



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)




