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Abstract. The article presents a process for cleaning heavy metals (Cu 
and Zn ions) discharged into water bodies with banana peel waste. A 
comparative analysis of a bi-adsorbent made from banana peel waste and a 
traditional adsorbent, activated carbon, was performed. It was found that 
the ability of the prepared bio-adsorbent to adsorb Cu and Zn ions differs 
only slightly from that of the traditional adsorbent. The experiments were 
conducted with bio-adsorbents impregnated with sodium hydroxide 
solution of various concentrations as a modifier and carbonized at different 
temperatures. It was found that bi-adsorbents impregnated with 60% 
sodium hydroxide solution and carbonized at 240 0 C were more effective. 
It was found that the prepared bio-adsorbent can remove 97.5% and 98.5% 
of Cu and Zn ions, respectively, from water. And analyzed The spectral 
characteristics of the bioadsorbent were measured using Fourier transform 
infrared (FTIR) spectrometer, and the concentration of metal ions was 
measured using atomic absorption spectrophotometer (AAS). The arboxyl 
and hydroxyl functional groups, as well as the oxygen group O=C=O, 
which are important for adsorption, were confirmed by FTIR. It was 
suggested that the bioadsorbent obtained from biomass can be used as an 
adsorbent due to its large surface area, rich resource, various surface 
groups, cost-effectiveness and environmental safety. 

1 Introduction 

Water is the source of nutrition for all living things on earth. In the last few decades, with 
the rapid growth of the population and the development of industry, the demand for water is 
increasing in parallel with the demand for drinking water. Pollution of water bodies has 
become a global crisis in the world. Pollution of water bodies from uncontrolled 
anthropogenic activities is a global crisis that has the potential to harm the Earth in addition 
to affecting human health. 

The development of industrialization plays a key role in the extreme release of heavy 
metals into water bodies. Currently, along with other pollutants, concentrations of heavy 
metals in wastewater have reached extreme levels of toxicity for flora and fauna in water 
bodies. Heavy metals can gradually accumulate in human tissues and do not biodegrade, so 
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effective removal (purification) of heavy metals from wastewater before they enter the 
environment is vital [1]. 

The main industries with metal ions in waste water are chemical and electrochemical 
processing of industry, etc.). Heavy metals have carcinogenic, mutagenic and teratogenic 
effects. The removal of heavy metals is a difficult task because they are present in very low 
concentrations [2]. 

Currently, various methods such as chemical precipitation, ion exchange, ultrafiltration, 
adsorption, reverse osmosis, coagulation, flocculation, and membrane filtration are used to 
effectively remove heavy metals from water [2]. Among them, the adsorption method is 
distinguished by a number of attractive features, such as high efficiency, effective, 
economical and simple process in the removal of various heavy metals, and it has a wide 
field of application. Currently, the high production cost of adsorbents such as silica, 
alumina, and activated carbon, which are in greater demand, creates a need for alternative 
and inexpensive adsorbents [3]. In the search for economically affordable and easily 
available adsorbents, the use of industrial waste and biomass is more common. 

Nevertheless, due to its low adsorption capacity, chemical treatment of pure BQ with 
alkali and acid is still required. 

As a result, a bioadsorbent was obtained from banana peel with oxygenated surface 
functional groups. The properties of bioadsorbents prepared from BQ were studied using 
FTIR-Fourier-transform infrared spectroscopy and the adsorption properties of Cu2+ and 
Zn2+ ions were studied. 

2 Materials and methods 

After collection, banana peels were washed several times with distilled water, dried at room 
temperature, and cut into small pieces (0.5–1.0 cm) to be used as raw materials. Working 
solutions of Cu 2+ and Zn 2+ ions were prepared and then diluted to several dilutions. 

Distilled water and analytically pure substances were used in the preparation of all 
solutions. 

Shells obtained from fresh BQ for bioadsorbent were used as the base material. BQs 
were modified in sodium hydroxide solution (NaOH). At this time, 50 g of BQ was added 
to 50 ml of NaOH solution of different concentrations and soaked for 2 hours. Experiments 
were conducted with 0, 20, 40 and 60 percent NaOH solution at temperatures of 160, 200 
and 240 o C (table).  

Cu 2+ and Zn 2+ ions on BQ bioadsorbents was determined using the following equation 
(1): 

 
(1) 

 
Here, Ce and C0 are the equilibrium and initial concentrations of metal ions, respectively 

(mg/l); m- weight of BQ bioadsorbent in grams; V- is the volume of the solution, ml. 
Adsorption efficiency (A, %,) is determined by the following equation (2): 
 

 
(2) 
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3 Results and Discussion 

After washing, the fresh banana peel was treated with NaOH solution and heated in an 
oven. After heating, a dark brown charred product (powder) was obtained. 

Infrared bands in spectroscopic analysis of surface groups on BP bioadsorbent showed 
that all samples have similar chemical nature, the sample treated with 60% solution has 
stronger and broader peaks. A signal around 3372 cm -1 corresponding to hydroxyl groups 
was detected in all samples. The bands at 1643 cm -1 and 1082 cm -1 correspond to C=O 
(CO) carboxyl groups and confirm the oxygen group important for metal adsorption. 
O=C=O band was detected at 2347 cm -1 . 

 
Table 1. Dependence of the removal of metal ions from water on the carbonization temperature of the 

bioadsorbent and the concentration of the solution. 

NaOH soln 
hardness, in % 

Bioadsorbent charring temperature, 0 C 
160 200 240 

Cu +2 Zn +2 Cu +2 Zn +2 Cu +2 Zn +2 

0 30.6 34.5 35.2 38.0 40.6 46.2 
20 45.5 47 58.5 60.3 60.5 65.7 
40 52 54 65 68 78.5 82 
60 60.0 62.3 75.4 78.2 97.5 98.5 

 

 
Fig. 1. At a temperature of 160 oC processing done of bioadsorbent cleaning effectiveness. 
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Fig. 2. At a temperature of 200 oC processing done of bioadsorbent cleaning effectiveness. 

 

 
Fig. 3. At a temperature of 240 oC processing done of bioadsorbent cleaning effectiveness. 

Bioadsorbent was modified at different concentrations of Na OH solution at different 
temperatures. During the experiments, the durations of wetting, shaking and drying of the 
biosorbent prepared at different temperatures in the solution were the same. As shown in 
Figure 3, the adsorption efficiency of both Cu 2+ and Zn 2+ ions was higher with the increase 
of NaOH concentrations and carbonization temperature of the sorbent. So, while the 
removal of Cu 2+ and Zn 2+ ions at the maximum concentration of alkali at the 
carbonization temperature of 160 0C is 60% and 62.3%, respectively, at the carbonization 
temperature of 200 0 C, these indicators are 75.4% and 78.2%. At 240 0 C, it was 97.5% 
and 98.5%. 

was higher with BP bioadsorbent modified with 60% NaOH solution and thermally 
treated at 240 0 C. It is believed that the formation of oxygen-containing functional groups 
of the NaOH solution along with its porous structure of BK has a very positive effect on the 
adsorption of heavy metals. 



5

BIO Web of Conferences 160, 02004 (2025)	 https://doi.org/10.1051/bioconf/202516002004
EESTE2024

 
Fig. 2. At a temperature of 200 oC processing done of bioadsorbent cleaning effectiveness. 

 

 
Fig. 3. At a temperature of 240 oC processing done of bioadsorbent cleaning effectiveness. 

Bioadsorbent was modified at different concentrations of Na OH solution at different 
temperatures. During the experiments, the durations of wetting, shaking and drying of the 
biosorbent prepared at different temperatures in the solution were the same. As shown in 
Figure 3, the adsorption efficiency of both Cu 2+ and Zn 2+ ions was higher with the increase 
of NaOH concentrations and carbonization temperature of the sorbent. So, while the 
removal of Cu 2+ and Zn 2+ ions at the maximum concentration of alkali at the 
carbonization temperature of 160 0C is 60% and 62.3%, respectively, at the carbonization 
temperature of 200 0 C, these indicators are 75.4% and 78.2%. At 240 0 C, it was 97.5% 
and 98.5%. 

was higher with BP bioadsorbent modified with 60% NaOH solution and thermally 
treated at 240 0 C. It is believed that the formation of oxygen-containing functional groups 
of the NaOH solution along with its porous structure of BK has a very positive effect on the 
adsorption of heavy metals. 

4 Conclusion 

Porous bioadsorbent made of banana peel impregnated with NaOH solution was found to 
be an effective adsorbent for the removal of Cu 2+ and Zn 2+ ions from aqueous solution. 
The results of the study proved that the bioadsorbent made from banana peel is economical, 
ecological, and resource-friendly, and has good adsorption properties. In addition to playing 
an important role in environmental protection, BP, which can be applied in the removal of 
metal ions from industrial wastewater, is promising from a commercial point of view. 
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