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Banana peels Discharge of industrial wastewater containing heavy metals has resulted
Bioadsorbent in serious problems thus effective solution to prevent such pollution is
Heavy metals vitally needed. Adsorption technique is a popular method in wastewater
Thermal carbonization treatment and studies are focusing on the development of alternative

adsorbent derived from biomass as alternative material with low cost,
abundantly available and environment friendly. This paper goes through
the treatment of banana peels as bioadsorbent in reducing heavy metals in
wastewater, followed by the removal of aqueous heavy metals and the
functional groups involved in the adsorption process. Such technology will
reduce the cost of adsorbent production and the cost of banana peels
biomass disposal as well.
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1.0 INTRODUCTION

In recent years, developing green, efficient and cheap strategies for heavy metal ion treatment has
become an important research issue all over the world. Several techniques, including microbial
degradation, bioaccumulation, chemical precipitation, reverse osmosis, ion-exchange, membrane
separation and coagulation-flocculation have been used to remove heavy metal ions from aqueous
environment [1-2]. However, these methods have several disadvantages, such as incomplete removal
of trace-level heavy metals, consumption of massive chemical reagents and energy, and generation of
toxic byproducts that require further treatment. In comparison, adsorption is generally preferred due
to the properties of wide suitability, high efficiency, environmental compatibility, and easy handling
and regeneration [3-5].

Reported adsorption agents mainly include synthetic polymers, natural minerals (zeolite, kaolin,
diatomite, etc.) and their derivatives. Synthetic polymers are generally associated with the
characteristics of high cost and short life, while low adsorption capacity of natural minerals with
limited storage is the bottleneck for large-scale metal removal. Green materials obtained from bio-
wastes and agricultural by-products as adsorbents owing to low cost, abundant sources and easy
preparation have been attracting much interest in present studies. Materials like wood, bark, rice
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husk, straw, leaf and fruit peel have been reported to play a role in the removal of heavy metals and
exhibit desirable metal-binding performance.

Bioabsorbents, also called biosorbents, have attained considerable attention for their application
in cleaning the environment pollutants. Bioadsorbents are the materials derived from different
biological sources like agricultural by-products [6-7]. Agricultural wastes, vegetable and fruits peels
are the discarded waste materials and may have wide significant application. The main aim to use
these agricultural by- products is to minimize their accumulation and reuse them for productive
purpose. This has led to their application as biosorbents for removal of environmental pollutants.
Biosorbents derived from agricultural solid waste are cheap and readily available.

Banana peel, a common biological waste, is an attractive and inexpensive option and has been
employed to get rid of dissolved heavy metals from wastewater but poor removal performance
impeded its widespread application. Some researcher reported the use of banana peel as a precursor
agent for preparing adsorbent via chemical modification with alkaline and acid. However, adsorption
capacity only gained limited enhancement after these treatments. Accordingly, new physical and/or
chemical modification of banana peel is highly required in order to improve the performance of the
obtained adsorbents [8].

Biochar is a porous carbonaceous material produced during the thermochemical decomposition
of biomass feedstock in the presence of little or no oxygen. Biomass feedstock can be any organic
waste materials which include crop and forest residues, wood chip, algae, sewage sludge, manures,
and organic municipal solid wastes [9]. Methods for thermochemical decomposition include pyrolysis,
hydrothermal carbonization, gasification, torrefaction, and microwave heating, varying in
thermochemical temperature and duration. Interest in biochar is largely based on its two distinct
benefits: First, biochar production can offset greenhouse gas emission because it stores carbon in a
stable form, preventing the release of greenhouse gases into the atmosphere from biomass
degradation. Second, biochar is an effective, low-cost, and environment-friendly adsorbent, which is
related to its relatively large surface area and abundant surface functional groups. Biochar is thought
to be a promising adsorbent for the removal of various pollutants in wastewater and soil, due to their
abundant specific surface area. The adsorption capacity of biochar was considered to be correlated
to specific surface area and aromaticity.

A range of heavy metals can be absorbed by biochar products. The possible adsorption
mechanism involves several kinds of interactions, including electrostatic attraction, ion-exchange,
physical adsorption, surface complexation and/or precipitation. The special mechanisms of different
heavy metals are varied. Abundant surface groups (mainly oxygen-containing groups, such as COOH,
and OH) have strong interactions with heavy metals, which can be evidenced by changes in functional
groups of biochar before and after metal adsorption.

It has been well researched that feedstock, thermochemical decomposition methods and their
temperature and duration can significantly affect biochar ‘s physical and chemical properties. Several
previous researchers have discussed decomposition methods, characterization, and applications of
biochar in the removal of different contaminants from aqueous solutions [10-11]. The current article
highlighted the processes involve in banana peels bioadsorbent synthesis and adsorption of heavy
metals by banana peels bioadsorbent.

2.0 SYNTHESIS OF BANANA PEEL BIOADSORBENT

Bioadsorbent production mainly consists of the following three technologies: pre-treatment of
raw material, thermal carbonization method and post-treatment of adsorbent.

For biochar development of various raw materials, pre-treatment is the earliest step. Generally,
the pre-treatment can be physically or chemically. The technology of physical pre-treatment typically
involves drying, crushing and screening banana feed. The rich lignocellulosic feedstock is usually
dried at 105 °C or other temperatures to a constant weight, then ground into smaller, hammer-milled
particles, and cut into various pieces.
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Chemical pre-treatment technologies often depend on chemical reactions in order to change
feedstock material properties or compositions. The chemical pre-treatment method is more widely
used to treat feedstock biomass materials with chemical compounds to incorporate the precursors or
functional groups into the raw material. During the process, the biomass material is submerged in a
chemical solution or a colloidal suspension and dried before the production of biochar. Corrosive
chemicals including acid, alkaline, and oxidants have been used for the pre-treatment of biomass in
manufacture of the engineered biochar with exceptional pore structure, large surface area and rich in
functional surface group.

2.1 Thermal Carbonization

The methods of thermal carbonisation for biochar transformation mainly involve pyrolysis,
pyrolysis aided by the microwave, hydrothermal carbonisation, gasification and torrefaction.

Pyrolysis is a thermochemical method to decompose biomass into high-value materials such as
biochar, bio-oil and syngas with limited oxygen supply at 300 - 900 °C [12]. The pyrolysis may in
general be divided into slow pyrolysis (low heating rate and long residence time) and rapid pyrolysis
(high heating rate and short time of residence), based on temperature, heating rate, pressure and time
of residence. Slow pyrolysis requires a thermal cycle of processing at 400-600 °C to increase the
production of biochar, along with a small volume of concentrated bio-oil, syngazes of H,, CHs, CO2, CO
and C1-C2 hydrocarbons. The process is conducted at atmospheric pressure, defined by a fairly long
time of residency (> 1 h) and a slow heating intensity (5-7 °C / min). But quick pyrolysis provides
promising advantages to optimize biomass yields (up to 75%), in which the heating intensity is
normally over 200 °C / min and the residence period is below 10 seconds.

The operating temperature, heating rate and residence time are factors affecting the
physicochemical composition and properties of the materials in pyrolysis processes. Biochar yields
decline with elevated temperature of the pyrolysis, whereas ash and carbon content rise. It is
primarily associated to cellulose, hemicellulose and lignin breakdown, saline-alkali separation,
carbonization and other biomass factors. The heating intensity influences the pyrolysis speed and
affects biochar characteristics and bio-oil and bio-gas yield. Long-time provides more total
decomposition of biomass and reduces the output of biochar. Prolonged residence time provides
more total decomposition of biomass and reduces the output of biochar.

The sustainable method of producing bio-energy materials, including biochar, bio-oil and biogas,
is recognized as microwave-assisted pyrolysis (MAP). MAP provides shorter cycle time, lower
electricity usage, more effective transmission of heat and improved targeted heating compared with
conventional methods. The microwave strength and irradiation duration mainly influence the MAP
operation. Biochar production also reduces as the strength of the microwave rises, owing to the high
heating rates at elevated microwave power levels. Through a microwave device, biochar with a large
particular surface area may be collected. Further microwave treatment, however, led to loss of a
specific surface area that can be attributed to the degradation after microwave overheating of the
micropore structure of the biochar. Although perceived to be a potential alternate energy source,
microwave-assisted pyrolysis technology faces many challenges such as electricity that is costly and
often made of fossil fuels, furthermore microwave heating systems are more expensive than
traditional heating systems.

Gasification is the method of transforming biomass to gas fuel using gasification agents.
Gasification temperature typically approaches 800 °C [13]. Gasification's average biochar yield is
around 10 wt% of biomass, while the main substances are syngas, and char is seen as a side product
of much lower yield. In general, biochar formed during the gasification method is less than pyrolysis
due to carbon monoxide (CO) conversion in the presence of oxidizing agent (O, or steam). The biochar
formed during gasification typically contains strong alkaline salts and extremely poisonous alkaline
earth minerals (Ca, K, Si, Mg, etc.). These can precipitate several heavy metal compounds and can be
used specifically in problematic soils as a remediator. Gasification agent type, reaction temperature,
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particle size, residence period, pressure, and gasification agent/biomass ratio can influence the
component compositions (gas, liquid and solid).

Hydrothermal carbonization (HTC) is the successful thermochemical method that transforms wet
feedstock from 120-260 °C to biochar without the need of pre-drying [14-15]. This is more suited for
handling high moisture content biomass and is regarded a cost-effective solution to biochar
processing because itis typically performed atlow temperatures. Within a confined environment, wet
biomass is heated and pressurized (2-10 MPa) 5-240 min. Reaction pressure is autogenic of
subcritical-water saturation vapor pressure corresponding to reaction temperature.

The key parameters influencing product characteristics are reaction temperature, pressure,
residence time, and water-to-biomass ratio. HTC's biochar is called hydrochar, with a yield of around
40-70 wt%. During HTC, reaction temperature is defined as the governing parameter. When
temperature rises, hydrochar produces acidic functional groups on its surface, which may support
the capacity to absorb pollutants. Higher holding temperature and time will increase the hydrochar's
porous nature, increasing the likelihood of hydrochar as an adsorbent. The hydrochar surface often
shows a greater degree of aromatization of more oxygen-containing groups. Hydrothermal
conversion typically develops by dehydration, polymerization and carbonization reactions. Chemical
hydrochar structures contain aromatic polymer crosslinks, surface porosity, organic functional
groups and ultimate elements. These characteristics thus can be altered and influenced the
hydrochars reactivity and properties.

2.2 Post-Treatment

Post-treatment techniques typically require either physical or chemical alteration approaches to
post-treat biochar to improve its particular surface area, pore volume, surface composition, and
functional groups. These modified biochars can be cost-effective and environmentally sustainable
carbon products with tremendous promise in many fields. Post-treatment methods include electrical,
ball-milling, and corrosive treatment (i.e., acid, alkali, or oxidation).

Magnetization is the process of transforming biochar into a magnetic substance where magnetic
iron oxides are loaded into biochar. In the technique, ball milling is an effective and simple process
that uses kinetic energy by shifting balls to break chemical bonding, alter particle form, and create
nanoscale particles. After ball milling, biochar's characteristics were improved including surface area,
pore volume, oxygen-containing functional groups, and adsorption ability.

Corrosive treatments including acid, alkali, and oxidation methods are widely employed chemical
modification methods that change biochar surface chemistry. Corrosive chemicals like HCl, HNO3,
KOH, NaOH, KMnO,, and H;0; are used to modify biochar for various purposes. The chemical modified
biochar has greater surface area, more microporous, more functional groups, and improved sorption
ability. Combination of alkali (NaOH)-acid (HNO3) modification reveals improved surface area,
porosity and oxygen-containing functional groups of biochar. H,0, is another powerful biochar-
modifying oxidant that can effectively remove heavy metals due to improved oxygen and carboxyl
content. Figure 1 shows the processes involve in banana peels bioadsorbent synthesis.
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Figure 1: Synthesis of banana peels bioadsorbent

3.0 REMOVAL OF AQUEOUS HEAVY METALS

Heavy metals in wastewater can damage humans, animals and plants. Long-term aqueous
exposure to heavy metals may pose significant health risks even at low concentration. Recent
research shows that banana peel bioadsorbent can successfully adsorb heavy metals in water and
wastewater.

High metal ions are poisonous to marine animals and humans at small concentration. Pollution
from heavy metal ions primarily caused by electricity and fuel development, fertilizer and pesticide
industry and metallurgy applications to name a few. Since the metal ions are non-biodegradable, it
accumulates and passes through food chain to another living entity. Their harmful results are
therefore reflected in animals at higher levels and trigger human severe and permanent health issues.
Researchers thoroughly investigated banana waste as bioadsorbent against a large variety of metal
ions. Previous work has reviewed various elimination of heavy metal. Table 1 describes the
adsorption of banana waste bioadsorbent to eliminate various heavy metals.

Table 1: Adsorption of heavy metals by banana peels bioadsorbent
Removal

Heavy Thermal Pre-Treatment/ efficiency  Reference
metal e Post-Treatment
s Process Modification (mg/g) S
or %
Cu - Dried Soaked in HNOs, NaOH 4.75 [16]
Pyrolysis Dried - 75.99 [17]
- Minced in ball mill - 20.97 [18]
HTC Dried Calcined in Ar to 49.5 [19]
obtained BP carbon foam
Carbonized  Dried, ground Char soaked in KOH, 14.3 [20]
under heated under nitrogen at
nitrogen 500°C
- Washed, grinded, - 12.85 [21]
dried
Co - Dried Soaked in HNO3 NaOH 2.55 [16]
Ni - Dried Soaked in HNO3 6.88 [16]
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Carbonized Dried, ground Char soaked in KOH, 27.4 [20]
under heated under nitrogen at
nitrogen 500 °C
Pb - Dried Soaked in HNO3 7.97 [16]
Pyrolysis Dried - 2471 [17]
- Dried,ground and - 2.18 [22]
sieved
- Minced in ball mill - 41.44 [18]
HTC Dried Calcined in Ar to 45.6 [19]
obtained BP carbon foam
Carbonized  Dried, ground Char soaked in KOH, 34.5 [20]
under heated under nitrogen at
nitrogen 500°C
- Washed, grinded, - 10.9 [21]
dried
Zn - Dried Soaked in HNO3 5.8 [16]
Ccd Pyrolysis Dried - 121.3 [17]
- Dried,ground and - 5.71 [22]
sieved
HTC Dried Calcined in Ar to 30.7 [19]
obtained BP carbon foam
- Dried, crushed and Modified using acidic 35.52 [23]
sieved methanol
Mn - bleached with acrylonitrile Grafted BP 94 % [24]
sodium chlorate
Cr+ - bleached with acrylonitrile Grafted BP 96% [25]
sodium chlorate
- Dried, crushed and Modified using acidic 131.56 [26]
sieved methanol
- Dried, ground and  Banana peel dust in 26.46 [27]
sieved KNO3 solution
Cré+ HTC Dried Calcined in Ar to 25.2 [19]
obtained BP carbon foam
Carbonized  Modified with - 97.92 [28]
ZnCl;
Carbonized  Treated with - 94 [29]
H3PO4
Hg - Grinded, - 52.2 [30]

Protonation with
HCI

4.0 FUNCTIONAL GROUPS INVOLVED IN ADSORPTION PROCESS

Biochar's surface area and porous structure often affect heavy metal adsorption. It is well
established that biomass composition has a great effect on biochar's surface properties, but biochar's
surface characteristics can be greatly modified by using various carbonization methods and changing
reaction conditions, particularly when coupled with in situ or after activation processes. Note that
biochar activation greatly increased the removal performance of heavy metals [31]. This could be
triggered by improved heavy metal adsorption site owing to enhanced pore structure. Nevertheless,
as previously reported, biomass surface area and porous structure tend to impact heavy metal
adsorption less than functional groups including oxygen. Zhou et al. [32] researched Pb ion
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adsorption utilizing biochar banana peels, and their findings revealed that higher adsorption can be
accomplished even with lower surface area, indicating less importance of surface area.

The particular functional groups involved in the adsorption process are carboxylic groups, amino
groups, and hydroxyl groups. The oxygen-containing functional groups are able to bind effectively to
the heavy metal, and the amount of oxygen often rises due to oxidation reaction on the biochar
surface. Thermal carbonization temperature influences these groups which supposed to aid in metal
adsorption. In certain situations, the rise for pH, porosity, surface area etc. does not influence the
structure of functional groups while temperature and a high degree of carbonization have led in these
groups' significant amount decline.

FTIR (Fourier Transform Infrared Spectroscopy) is employ to distinguish surface functional
groups. FTIR works by generating a broad spectrum at various temperatures indicating cellulosic and
ligneous dehydration compounds in plant material. This will display peaks of from 1600-3500 cm-1.
Together with FTIR, nuclear magnetic resonance (NMR) is also used to demonstrate various
functional groups of biochar.

Biochar’s adsorption activity involves a certain mechanism determined by biochar properties
such as surface area, mineral component, porous structure, and surface functional groups. Heavy
metal removal requires different mechanisms, including cation exchange, precipitation, electrostatic
reaction, and chemical reduction, complexation. Surface functional groups such as hydroxyl (-OH) and
carboxylate (-COOH) are found to bind strongly with heavy metal. Functional group changes are
visible during and before metal adsorption.

5.0 CONCLUSIONS

Banana peel is an effective and low-cost bioadsorbent that can be generated from low-cost solid
waste, readily accessible and environmentally safe to be used in wastewater treatment. The key
findings of this paper are: (1) Banana peel bioadsorbent properties are linked to the method of
feedstock processing that is pre-treatment, thermal operation, and post-treatment. Modifications of
biochars bioadsorbent through increasing the surface area, reaction activity or developing functional
groups are becoming increasingly relevant as a recent research field and its application to enhance
environmental sustainability. (2) Engineered banana peels as a bioadsorbent to eliminate aqueous
toxins, such as heavy metals, are generally controlled by ion exchange, adsorption, surface
precipitation and surface complexation. In conclusion, while laboratory studies have shown that
biochar from banana peels effectively absorbs pollutants from industrial wastewater, further
research is needed for practical, onsite applications.

Author Contribution

N. A. Nadhirah Zainudin: Conceptualization, investigation, visualisation, writing and editing. R.
M. Mohamed: Investigation, supervision, writing, and editing.

Conflict of Interest

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

Acknowledgements
The authors gratefully acknowledge the Department of Natural Resources and Environment,
Faculty of Engineering Technology, UCTATI, for their support in completing the research. This

research was not funded by any grant.

© University College TATI (UC TATI). All rights reserved. 86



International Journal of Synergy in Engineering and Technology Vol. 5 No.2 (2024) 80 — 88

6.0 REFERENCES

(1]
(2]

(3]

[4]
[5]
(6]

[7]

(8]
[9]

[10]

[11]

[12]
[13]
[14]
[15]
[16]

[17]

(18]

[19]

[20]

[21]

K. Harsha, P. Senthil, R. C. Panda. A Review on Heavy Metal Pollution, Toxicity and Remedial Measures :
Current Trends and Future Perspectives. ]. Mol. Liq. 2019; (290), 111197.

C. F. Carolin, P. S. Kumar, A. Saravanan, G. J. Joshiba, M. Naushad. Journal of Environmental Chemical
Engineering Efficient Techniques for the Removal of Toxic Heavy Metals from Aquatic Environment: A
review. J. Environ. Chem. Eng. 2017; 5: 2782-2799.

C. Pathirana, A. M. Ziyath, K. B. S. N. Jinadasa, P. Egodawatta, A. Goonetilleke. Chemosphere Mathematical
Modelling of the Influence of Physico-Chemical Properties on Heavy Metal Adsorption by Biosorbents.
Chemosphere. 2020; 255: 126965.

R. Wang, R. Liang, T. Dai, J. Chen, X. Shuai, C. Liu. Trends in Food Science & Technology Pectin-based
Adsorbents for Heavy Metal lons : A review. Trends Food Sci. Technol. 2019; 91: 319-329.

F. L. Braghiroli, H. Bouafif, C. M. Neculita, A. Koubaa. Activated Biochar as an Effective Sorbent for Organic
and Inorganic Contaminants in Water. Water, Air Soil Pollut.. 2018; 229 (7): 230.

Senanu LD, Kranjac-Berisavljevic G, Cobbina SJ. The Use of Local Materials to Remove Heavy Metals for
Household-scale Drinking Water Treatment: A review. Environmental Technology & Innovation.
2023;29: 103005.

Nahrul Hayawin Zainal, Astimar Abdul Aziz, Juferi Idris, Nor Faizah Jalani, Ropandi Mamat, Mohamad
Faizal Ibrahim, Mohd Ali Hassan, Suraini Abd-Aziz. Reduction of POME Final Discharge Residual Using
Activated Bioadsorbent from Oil Palm Kernel Shell. Journal of Cleaner Production. 2018; 182: 830-837.
T. Ahmad, M. Danish. Prospects of Banana Waste Utilization in Wastewater Treatment: A review. J.
Environ. Manage. 2018; 206: 330-348.

Li Wang, Yujiao Wang, Fang Ma, Vitus Tankpa, Shanshan Bai, Xiaomeng Guo, Xin Wang. Mechanisms and
Reutilization of Modified Biochar Used for Removal of Heavy Metals from Wastewater: A Review.
Science of The Total Environment. 2019; 668: 1298-1309.

Benis KZ, Damuchali AM, Mc Phedran KN, Soltan ]. Treatment of aqueous arsenic: A Review of
Biosorbent Preparation Methods. Journal of Environmental Management. 2020; 273:111126.
Rodriguez JA, Lustosa Filho JF, Melo LC, de Assis IR, de Oliveira TS. Influence of Pyrolysis Temperature
and Feedstock on the Properties of Biochars Produced from Agricultural and Industrial Wastes. Journal
of Analytical and Applied Pyrolysis. 2020;149: 104839.

J. Wang, S. Wang. Preparation , Modification and Environmental Application of Biochar: A review. ].
Clean. Prod.. 2019; 227: 1002-1022.

Z. Zhang, Z. Zhu, B. Shen, L. Liu. Insights into Biochar and Hydrochar Production and Applications : A
Review. Energy. 2019; 171: 581-598.

A.Ishag, M. U. Din, R. Ahmad, J. P. Singh, K. Singh, S. Ahmad. Prospectives and Challenges of Wastewater
Treatment Technologies to Combat Contaminants of Emerging Concerns. Ecol. Eng.. 2020; 152: 105882.
N. A. Rashidi, S. Yusup. A Review on Recent Technological Advancement in The Activated Carbon
Production from Oil Palm Wastes. Chem. Eng. ].. 2017; 314: 277-290.

G. Annadurai, R. S. Juang, D. . Lee. Adsorption of Heavy Metals from Water Using Banana and Orange
Peels. Water Sci. adn Technol. 2003; 47(1): 185-190.

Ahmad Z, Gao B, Mosa A, Yu H, Yin X, Bashir A, Ghoveisi H, Wang S. Removal of Cu (II), Cd (II) and Pb (II)
ions from Aqueous Solutions by Biochars Derived from Potassium-Rich Biomass. Journal of Cleaner
Production. 2018;180:437-49.

Castro RS, Caetano L, Ferreira G, Padilha PM, Saeki M], Zara LF, Martines MA, Castro GR. Banana Peel
Applied to the Solid Phase Extraction of Copper and Lead from River Water: Preconcentration of Metal
Ions with a Fruit Waste. Industrial & Engineering Chemistry Research. 2011;50(6):3446-51.

Y. Lj, J. Liu, H. Tang, F. Yu, X. Lv. A Green Adsorbent Derived from Banana Peel for Highly Effective
Removal of Heavy Metal lons from Water. RCS Adv.. 2016;6: 45041-45048.

T. Van Thuan, B. Thi, P. Quynh, T. Duy,V. T. Thanh. Response Surface Methodology Approach for
Optimization of Cu2+, Ni2* and Pb2+* Adsorption using KOH-Activated Carbon from Banana Peel. Surfaces
and Interfaces. 2017; 1(6): 209-17.

G. Vilardi, L. Di Palma, N. Verdone. Heavy Metals Adsorption by Banana Peels Micro-Powder:

© University College TATI (UC TATI). All rights reserved. 87



[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

International Journal of Synergy in Engineering and Technology Vol. 5 No.2 (2024) 80 — 88

Equilibrium Modeling by Non-Linear Models. Chinese ]J. Chem. Eng. 2018;26(3):455-64.

J. Anwar, U. Shafique, M. Salman, A. Dar, S. Anwar. Bioresource Technology Removal of Pb (11 ) and Cd (
I1) from Water by Adsorption on Peels of Banana. Bioresour. Technol. 2010; 101(6):1752-1755.

J. R. Memon, S. Q. Memon, M. I. Bhanger, G. Z. Memon, A. El-turki, G. C. Allen. Colloids and Surfaces B:
Biointerfaces Characterization of Banana Peel by Scanning Electron Microscopy and FT-IR Spectroscopy
and Its Use for Cadmium Removal. Colloids Surfaces B Biointerfaces. 2008; 66 (2):260-265.

A. Ali. Removal of Mn (11 ) from Water Using Chemically Modified Banana Peels as Efficient Adsorbent.
Environ. Nanotechnology, Monit. & Manag. 2017; 7: 57-63.

A. Alj, K. Saeed, F. Mabood. Removal of Chromium ( VI ) from Aqueous Medium Using Chemically
Modified Banana Peels as Efficient Low-Cost Adsorbent. Alexandria Eng. J.. 2016;55( 3): 2933-2942.

J. R. Memon, S. Q. Memon, M. I. Bhanger, A. El-turki, K. R. Hallam, G. C. Allen. Banana Peel : A Green and
Economical Sorbent for the Selective Removal of Cr ( VI ) from Industrial Wastewater. Colloids Surfaces
B Biointerfaces. 2009;70: 232-237.

N. Kumar, M. Angela, S. Sukalyan. Enhanced Chromium ( VI ) Removal Using Banana Peel Dust:
Isotherms, Kinetics and Thermodynamics Study. Sustain. Water Resour. Manag.. 2017;4(3): 489-497.
Areti HA, Jabesa A, Muleta MD, Emana AN. Adsorptive Performances and Valorization of Green
Synthesized Biochar-based Activated Carbon from Banana Peel and Corn Cob Composites for the
Abatement of Cr (VI) from Synthetic Solutions: Parameters, Isotherms, and Remediation Studies.
Heliyon. 2024 ;10(13).

Ameha B, Nadew TT, Tedla TS, Getye B, Mengie DA, Ayalneh S. The Use of Banana Peel as a Low-Cost
Adsorption Material for Removing Hexa  valent Chromium from Tannery Wastewater: Optimization,
Kinetic and Isotherm Study, and Regeneration Aspects. RSC Advances. 2024;14(6):3675-90.

Lavanya KM, Florence JA, Vivekanandan B, Lakshmipathy R. Comparative Investigations of Raw and
Alkali Metal Free Banana Peel as Adsorbent for the Removal of Hg2+ Ions. Materials Today: Proceedings.
2022 Jan 1;55: 321-6.

Zhou N, Chen H, Feng Q, Yao D, Chen H, Wang H, Zhou Z, Li H, Tian Y, Lu X. Effect of Phosphoric Acid on
the Surface Properties and Pb (II) Adsorption Mechanisms of Hydrochars Prepared from Fresh Banana
Peels. Journal of Cleaner Production. 2017;165: 221-30.

Zhou N, Chen H, Xi ], Yao D, Zhou Z, Tian Y, Lu X. Biochars with Excellent Pb (II) Adsorption Property
Produced from Fresh and Dehydrated Banana Peels via Hydrothermal Carbonization. Bioresource
Technology. 2017;232: 204-10.

© University College TATI (UC TATI). All rights reserved. 88



